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Any environmental factor that can significantly modify 
an animal's biological responses resulting into stress is called 
a stressor. The stressors may be physical, physiological or 
psychological in nature. Physical conditions of the environment such 
as temperature, light and sound directly affect the internal 
environment of an organism, and create disturbances in the 
structural and chemical composition of the body. The resistance 
offered by the body against these conditions is termed as physical 
stress, if the organism has the capacity to adapt and combat these 
conditions, it survives, otherwise the death of the organism occurs. 
According to Selye (1956), stress is the nonspecific response of the 
organism to any demand made upon it. Stress like anxiety, is 
a broad and general concept describing organism's reactions to 
environmental demands (Rabki and Struening, 1976). Seyle (1976) 
described the sequence of pathological changes occurring in the 
animals following exposure to stressful stimuli. He named it as 
"General Adaptation Syndrome" (G.A.S.) which develops in three 
stages comprising o f -
i. Alarm reaction or Shock, when the animal is initially exposed 
to stressor and must set up defenses to combat it. 
il. Stage of resistance, when the organism is able to adjust to 
the changed environment. The adaptation is optional at this 
stage. 
iii. Stage of exhaustion, in this stage the acquired adaptation is 
lost and body succumbs to stress disorders. 
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Alarm reaction consisted of the triad of lymphothymic 
involution, gastrointestinal ulceration, and loss of cortical lipid and 
medullary chromaffin substance from the adrenals. If the effect of 
stressful stimuli continues for a long period, the body developes the 
stage of resistance. However, in case the stress is sufficiently severe 
and prolonged and the body fails to adapt, it may lead to state of 
exhaustion in which the animal develops symptoms similar to those 
seen in the first stage. 
Environmental stress has been found to invoke 
compensatory metabolic changes through modification of the 
quantity of enzymes that are normally rate limiting, under fine control 
or inducible by hormones (Ramasarma, 1978). The process of 
adaptation at the cellular level to chronic stress seems to occur by 
sequential changes in hormones, enzymes and metabolites leading 
to a new steady state. 
Various theories (Selye, 1956; Mason, 1968; Holmes 
and Masuda, 1973) have been postulated to elucidate the 
physiological response of the organism to stress, but none of them 
have been totally satisfactory (Burchrfield, 1979). The most commonly 
accepted definition of stress as proposed by Selye (1956) is that it is 
anything which causes an alteration of homeostatic state of the body. 
Stress, in its medical sense, is essentially the rate of 
wear and tear in the body. The feeling of just being tired, jittery, or ill 
are subjective sensations of stress (Selye, 1956). Rabkin and 
Struening (1976) propounded that stress can be one of the 
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component of any disease, not just as those designated as 
'psychosomatic'. The chronic disease may be aetiologically linked 
with excessive stress, caused due to organization of modern 
technological societies (Dodge and Martin, 1970). 
Dozens of stress models have been used to study the 
activity of the sympathetic-adrenomedullary system under stress. 
Forced immobilization is one of the well explored model of stress in 
the rat (Kvetnansky and Mikulaj, 1970). This model combines 
emotional stress (escape reaction) and physical stress (muscle work), 
resulting in both restricted mobility and aggression.Other stressors, 
such as cold (Kvetnansky et aj., 1971), swimming (Bhagat and 
Horenstein, 1976), heat (Vojislav and Vera-jamnlc-sibalic, 1980), fear 
anxiety (Sassenrath, 1970), etc. have been used to study the 
neurohormonal and enzymatic changes In the rats. 
Stress and Biochemical Parameters: 
The relationship between stress, hormones and of 
neurotransmitters is now well established. During stress increase in 
the activity of sympatho-hypothalamo-pituitary adrenal system has 
been observed (Kvetnansky and Mikulaj, 1970). In response to stress, 
the hyperactive pituitary gland releases the tropic hormones which 
in turn by acting on their target endocrine glands stimulate the 
synthesis and release of their respective hormones (Levi, 1967) Thus, 
due to stress the circulating levels of catecholamines, Cortisol, ACTH, 
growth hormones, acetylcholine, histamine have been found 
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considerably enhanced (Glick et al., 1965; Berson and Yalow, 1968; 
Kventnansky, 1972; Mikuiuj et al., 1975; Pandey, 1976; Rai, 1977 and 
Kopin et ai., 1980). Exposure of rats to cold produces an increase in 
thyrotropin (TSH) secretion (Florheim, 1974; Itoh et al., 1967; Lachiver 
and Petrovic, 1960; Heroux and Petrovic 1969) as this stress 
activates the temperature sensitive neurons of anterior hypothalamus 
which inturn increases norepinephrine secretion. This change leads 
to an increase in TRH release with a resultant activation of the 
pituitary thyroid axis (Morley 1981). Based on the integrity of the 
hypothalamic-pituitary thyroid axis, TRH stimulates secretion and 
release of TSH which leads to the synthesis and release of thyroid 
hormones by the thyroid glands in basal conditions. 
An increased acetylcholine level is observed after 
stress (Aprison and Hington, 1969). The oscillation stress is found to 
deplete brain ACh levels and strain stress increases it in animals 
(Satio et al.., 1976). Extreme variation in temperature is also known 
to act as stressor effecting the ACh levels. Accordingly, heat stress is 
found to decrease ACh levels (Menon and Dandiya, 1969) while cold 
stress increases (Satio et al., 1976). The activity of the catabolizing 
enzyme of ACh i.e. AChE is found increased in the students with 
increased body temperature during examination (Yardanova and 
Gotsev, 1971) while a significant decrease in its activity is observed 
in experimental animals under stress (Litvak, 1969) AChE besides 
catabolizing the hydrolysis of ACh, also plays the role of 
a neuromodulator (Greenfields and Shaw, 1982) and, as found in 
adrenal perfusate (Chubb and Smith, 1975), its plasma activity might 
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also reflect activity of the adrenal medulla (M. Fatranska et aj., 1982). 
Increased levels of both ACh and AChE are reported after electric 
shock (Singh et ai., 1980). The blood levels of ACh were found sig-
nificantly enhanced after exercise (Basu el: aL, 1975). 
It has been shown that endotoxin shock induces the 
histamine release through the formation of anaphylatoxin leading to 
increased plasma histamine levels (HinshawetaJ., 1972 and Schumer 
et aj., 1972). Following immobilization stress significantly elevated 
circulating and tissue levels of histamine have been reported (Rai, 
1976). Abel and Kuobota (1919) isolated histamine in crystalline form 
from the mucosa of the dog's stomach, small intestine and related it 
to shock. Kipshidze and Barighyan (1967) have reported increased 
histamine level in the patients of myocardial infarction and a direct 
correlation has been demonstrated between rise in serum histaminase 
and severity of myocardial infarction (Sainani and D'Souza, 1975). 
The metabolism of catecholamines is found altered in 
response to stressful stimuli (Subramanium, 1973; Schneider et al., 
1974 and Mason gt ai., 1976). In various stressful conditions the 
activity of catecholamines synthesizing enzymes have been observed 
enhanced (Weinshilboum etal., 1971; Kvetnansky, 1976 and Rysanek 
et a]., 1978). An increase in DBH activity has been recorded 
following stimulation of sympathetic nervous system or exposure to 
stress (Weinshilboum et a]., 1971 and Sharma 1978). The activity of 
MAO, the catabolising enzyme of catecholamines is decreased in 
hypophysectimized animals or after hydrocorticosterone treatment 
(Parvez and Parvez, 1973), while an increase in brain MAO activity 
I) 
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is found after adrenalectomy (Ceaser ej a}., 1970), whereas the 
activity of MAO in the tissues of rats remained unchanged during heat 
stress (Vojislav and Vera-Jamicsaibalic, 1980). Moreover decreased 
activity of MAO in the rat brain have also been reported after repeated 
immobilization, swimming stress (Bhagat and Horenstein, 1976; 
Richard Kvetnansky, 1980), brain ischemia, cold stress 
(Garoshinskaya, 1989) and foot shock treatment (Tsuchiya, Kiyoshi 
et al., 1996). 
The stress induced hyperactivity of adrenal cortex was 
originally described by Selye (1946). According to Henry (1977), the 
psychosocial stress activates either the pituitary-adrenal-cortical 
system or the sympatho-adrenomedullary system. The adrenocortical 
system becomes activated when the organism fails to compete with 
the situation, a state leading to depression. In this type of stress the 
ACTH and corticosteroid levels are augmented with unaltered 
catecholamine levels. Fear anxiety behaviour in the animals showed 
the similar trend (Sassenrath, 1970). During the fight-flight reaction 
i.e. when the organism fears a challenge to its integrity and 
maintenance of homeostasis, there occurs an increase in the 
sympatho-adrenomedullary system. This type of stress is 
characterized by an increased level of noradrenaline and adrenaline, 
VN^ hile corticosterone remains unchanged. Exposure of rats to 
emotional and physical stress such as handling, foot-shock, restraint 
cold (4°C), and swimming stress increases both plasma epinephrine 
and norepinephrine through activation of sympatho-adrenal system 
(Popper e i a.!., 1977; Buhleret aj., 1978; Kvetnansky et al.., 1978; 
Ik t^rodwction 
McCartyand Kopin 1979; Daprada et a[..1980; Bondiolotti et al., 1983). 
An increase in circulatory and urinary levels of corticosteroids is found 
following various stressful stimuli, as surgical trauma, pair, 
anaesthesia and psychic stress (Thomasson, 1959 and Hume et al., 
1962). Enhanced levels of corticosteroids have also been reported in 
variety of diseases (Shimkin, 1961 and Lovegrovement et aj.., 1965) 
and experimental studies related to stressful conditions (Von Euler, 
1969; Kvetnansky, 1972; Mikulaj et al., 1975 and Szentendrei et al.., 
1980). In such situations the stress response is characterized 
predominantly by pituitary adrenocortical system rather than the 
sympathetic adrenal-medullary system, as described by Mason (1975) 
During depression, pituitary control of the adrenal cortex is affected 
with a consequent elevation of ACTH and plasma Cortisol (Carroll, 
1976 and Levine et al., 1978). 
Barchas and Freedman (1963) has reported that 
physiological stress modifies the serotonergic activity. Several other 
workers have also reported the action of stress on central nervous 
system (Bliss 1973; Bliss et al., 1968 and Modigh, 1974). The plasma 
and urinary 5-HT levels have been found increased after exposure to 
a variety of stress such as cold stress, immobilization stress, electric 
shock etc. (Toh, 1969; Sarkar, 1978 and Hirvonon et a]., 1978). 
Increase m urinary level of corticosterone, adrenaline, noradrenaline 
and decrease in dopamine excretion have been reported during 
immobilization stress (Sudo, Ayako et aJ., 1993). The involvement of 
stress associated with certain diseased conditions is well known; such 
as in schizophrenia (Smythies, 1976), peptic ulcer (Udupa, 1978), 
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where central 5-HT metabolism is disturbed with the association of 
decreased platelet MAO (Wyatt et aj., 1973 and Domino et al., 1976). 
Now it has been shown that various stress stimuli are associated with 
modification of central momnoamine metabolism (Subramanyam, 
1977). 
An increase in blood pressure and heart rate have been 
observed after immobilization and heat stress (Rhee et a[., 1989). 
This effect of stress in the pathogenesis of acute and chronic hyper-
tension is mediated by activation of the sympathetic nervous system 
involving increases in cardiac output and peripheral vascular resist-
ance (David S. Janowsky et aJ,., 1983), Susceptibility to coronary heart 
disease has been shown due to depression under stress (Thomas et 
al , 1975), The serum level of lactate dehydrogenase (LDH), gultamate 
oxa loacetate t ransaminase (GOT) and glutamate pyruvate 
transaminase (GPT) have been found increased after restraint stress 
(Pal et al., 1995). During high fever, tremendous increase in LDH 
activity has been observed (Tozuka et aJ., 1996). Pleural fluid LDH 
isoenzyme pattern have been reported helpful for the differential di-
agnosis of the common causes of effusion, congestive heart failure, 
infections and malignancy (Losses et aL, 1997). A significant decrease 
in LDH isomers derived from heart (H.) and muscle (M.) has been 
observed in the rats exposed to hypoxia (Kaaja and Ari 1996). Effect 
of chronic stress and diabetes on antioxidant status and myocardial 
susceptibility to ischemia reperfusion injury is now well established 
(Toleikis et a i , 1995), Lactate dehydrogenase (LDH), GOT and GPT 
have been proved as tumor markers for their change in concentration 
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in serum, liver and kidney (Vinitha et ai., 1995). 
Stress and Free Radical Metabolism: 
Free radical reactions are ubiquitous in living beings 
because of the high chemical reactivity of the intermediates. Various 
pathways are known by which free radicals can mediate cellular 
toxicity. The action of free radicals on biological system has the 
potential for disturbing the balance of pro-oxidants and anti-oxidants. 
An alteration in this balance in the favour of pro-oxidant is known as 
oxidative stress (Sies, 1985). To control and reduce the free radical 
induced cellular damage, the organism has a compensatory 
mechanism, which comprises the most important variables in 
controlling or preventing free radical reactions. These defenses 
include some naturally occurring antioxidants as well as exogenous 
agents that have been proved useful. Some of these are water 
soluble or confined exclusively to non-polar environment such as 
ascorbic acid (Vit C) and tocopherol (Vit E) respectively. The other 
antioxidants that have received maximum attention in biological 
systems, include selenium and the thiol containing compounds like 
glutathione and the enzymes of glutathione cycle (Flohe et §[., 1976; 
Kosower and Kosower 1978). Antioxidants are divided into two mam 
classes-
i. Preventive antioxidants: These antioxidants interfere with 
initiation of the free radical chain reaction, e.g. catalase and 
other peroxides and the chelators of metal ion. 
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ii. Chain Breaking antioxidants: They interfere with chain propa-
gation They comprise superoxide distumase (SOD) which acts in the 
acqueous phase and reduces the superoxide anion 
Antioxidant and free radical scavenging system exists 
in the cell protecting against the damaging effects of free radicals 
produced as a part of normal cell respiration and other cellular 
processes such as inflammatory response (Flohe et al , 1973, Willson, 
1980, 1983, Cohen, 1984, Tappel, 1984, Kaplotiwitzet aj , 1985) The 
involvement of free radicals and free radical reaction have been 
observed in the etiology and development of a number of diseases, 
especially life limiting (Pryor, 1987) Role of reactive oxygen species 
have been reported in some emotional stress models (Guliaeva et 
a_l , 1988, Deviatkinae.ta.1 , 1989, Sasnovosky and Kozlov, 1992) and 
in oxidative stress related diseases (Sies and Klin, 1991) Oxidative 
damage to lipid, protein and DNA in the brain has been observed 
during immobilization stress (Liu et a^ l , 1996) 
Glutathione has been considered to function as 
biological antioxidant Its role in the destruction of the free radicals 
have been reported (Sohal et §{ , 1984 and Milne et al , 1993) 
Several workers have also reported the role of glutathione in cellular 
protection during aging (Pruche et al , 1991) Combined action of 
glutathione and superoxide-dismutase (SOD) form an integral 
component of cellular antioxidant defense (Monday and Wmterborn) 
Enhanced level of lipid peroxides alongwith depletion of glutathione 
has been observed (Younes and Sieger, 1980, Katoh et al , 1989) 
11 
• lntrodwctioM 
Glutathione inhibits the oxidative stress induced by different 
compounds like ascorbate, NADPH-BrCCI^ and NADHPH-Fe"^"^ 
(Wefers and Sies, 1988, Tampo and Yanaha, 1990) It also has a 
protective role in rats against toxic oxygen species generated by 
hyperoxia (Van et aj , 1985) Glutathione is essential for the repair 
process in brain exposed to oxidative damage by free radicals (Pellmar 
et a\ , 1992) Depletion of glutathione during immobilization stress, 
stimulate oxidants and oxidative damage thus leading to 
degenerative diseases of aging including bram-dysfunction (Liu et 
aJ , 1996) Some workers have implicated the loss of antioxidant 
glutathione in the pathogenesis of parkinson's disease (Drukarch et 
al , 1996) Antidepressent like Pyraziodole, azaphene, imipramine and 
mocloblemide increase the survival rate of rats during swimming stress 
(Andreeva et al , 1991) Relationship between stress, diabetes and 
antioxidant is now well established (Toleikis et ql, 1995) 
Superoxide dismutase (SOD) m various tissues of rats 
appears to protect against the toxic effects of oxygen free 
radical-generated by its further reaction with cellular component 
(McCord et a [ , 1971, Fridovich, 1975) It is the first enzyme of 
scavenger enzyme series to ameliorate the damage caused in cells 
by free radicals (Slater, 1984) Singlet oxygen and superoxide 
radical are potentially toxic to living cells as they can participate in 
the oxidation of cell macromolecules like protein lipids etc in case 
of leak from the original oxidation reaction (King et a] , 1975) 
Superoxide anions are generated during interaction of molecular 
oxygen with f lav ins, NADH, g lu ta th ione peroxidase and 
1 '^ 
catecholamines (Misra and Fndovich, 1972, Heikkila and Cohen, 
1973) Immobilization stress induces antioxidant defense changes m 
the plasma of rats (Liu et aj , 1994) Several workers have reported 
the role of oxygen free radical in restraint stress induced gastric 
lesions and the role of SOD in clinical studies on stress grastritis 
prophylaxis (Kayabali et a.1 , 1994, Li and Zhang, 1993) 
Glutathione-S-Transferase (GST) was found reduced in rats 
with denervation of the liver, thus confirming the role of the 
peripheral nervous system (Spindonov et a.1 , 1989) It has a major 
role in the detoxification of oxyradicals and their products (Mannervik 
and Danielson, 1988) Brain GST plays an important role in the 
detoxification of potential toxicants through their conjugation and 
biotransformation (Booth et a I , 1961, Boyland and Chasseaud 1969 
Dixit et al , 1980, Kubota et a ] , 1985) Greater accumulation of the 
toxic compounds inhibit the GST activity (Boyland and Chasseaud, 
1969) GST has been also reported as tumor marker enzyme for 
detection of initiated cells during liver carcinogenesis (Tatematsu et 
a j , 1988) Possible role of herbs, spices, tea as food component in 
oxidative stress have also been studied (Osawa 1996) 
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ACETYLCHOLINESTERASE (AChE: EC 3.1.1.7) 
It is the enzyme which catalyses the hydrolysis of ACh 
into choline and acetate and thereby inactivate the esters (Fig i). 
The name acetylcholinesterase was proposed by Augustinsson and 
Nachmansohn (1949). One molecule of enzyme may split one 
molecule of ACh in about 3-4 microseconds Extensive studies on 
the concentration and distribution of AChE in conductive tissues have 
shown that significant amount of ACh may be split per gm of tissue 
within milliseconds, i.e. with a period of time which the impulse passes 
(Nachmanssohn, 1939). The concentration of enzyme is high in all 
nerve tissues Nerve fibres are capable of hydrolyzing amount of ACh 
ranging usually from 5 to 50 mg per gm fresh tissue per hour. Alles 
and Hawes (1940) showed that erythrocyte esterase differ markedly 
from serum esterases. Richter and Croft (1942) confirmed that red 
cell esterase is highly specific for ACh. Zeller and Bisseger (1963) 
found that brain esterase is fundamentally similar to red cell esterase 
The rate of hydrolysis of ACh was found to be optimal at about 6 to 8 
3 
X 10 M substrate concentration. Higher concentrations increasingly 
inhibit the rate of hydrolysis. The function of acetylcholine in RBC is 
unknown but Brauer and Root (1945) found that the enzyme is 
located in the surface of the red cells The membrane 
environment of red cell is also important for the enzyme reactivity 
(Flis 1979) Characterization and investigation of AChE with 
respect to its kinetics has been reported in w. aegyptia venom (Ai 
Jafari et a ] , 1995) AChE has also been isolated from rat liver (Mansee 
et al., 1995). Several workers have reported the inhibition of 
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CH, - N - CHjCHj - 0 - C - CH3 
/ \ . H3C CH3 
Acetylcholine 
acetylthiokinase 
HS-CoA+ATP+acetate ^ Acetyl CoA+H^O+ADP 
Choline acetylase 
Acetyl CoA+ Choline > Acetylcholine+HS-CoA 
Cholinesterase 
Acetylcholine +H2O » Choline + acetate 
FIG. (I) METABOLISM OF ACETYLCHOLINE 
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anaesthetic like halothane, methoxy flurane, di-Et ether, chloroform 
on erythrocyte bound AChE activity (Yoshimura et a} , 1995) N-
Benzylpiperidme derivatives have been found to inhibit the metabolic 
breakdown of ACh via AChE, hence alleviating memory deficits in 
patients with Alzheimer's disease by potentiating cholinergic trans-
mission (Tong^t aj , 1996) 
HISTAMINASE (EC 1.4.3.6) 
A slow disappearance of histamine was observed by 
Dale and Laidlaw(1912) in liver perfusion experiments In 1915 Eutis 
reported the mactivation of histamine by the ground liver of the turky 
buzzard The mactivation of histamine by various animal tissues has 
been shown (Best 1929 and McHenry and Gavin 1932) to involve an 
oxidative deamination Originally, Best and McHenry (1930) introduced 
the term histammase, an enzyme now known to be associated with 
the deamination of histamine Histammase deammates histamine and 
several aliphatic amines to their corresponding aldeyhyde, hydrogen 
peroxide and ammonia are side products (Silva et a[ , 1996) 
The general reaction for the enzymes catalyzing the 
oxidative deamination of histamine is as follows 
R CH2 NH2+02+H20^RCHO +NH3+H2O2 
Certain studies have revealed that histammase 
activity IS a property of two mammalian enzymes which are closely 
related chemically, but differ in their substrate specificity (Buffoni 
1966) Both the enzymes are present in man, one in the tissues and 
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placenta (Kapeller-Adler, 1965) and the other in the blood plasma 
(McEwen and Cohen, 1963). It has been shown that histaminase is a 
flavoprotein (Kapeller-Adler, 1949). It was also suggested that 
histaminase and related oxidases are pyridoxal enzymes (Werle and 
Pechamann, 1949 and Davidson, 1956). Vitamin Bg and B2 work as 
the cofactors for histaminase (Goryachenkova, 1956; Kapeller-Adler 
and Mac Parlance, 1963). Mandovic et ai. (1963) reported that 
purified pig kidney histaminase is not a flavoprotein but contains 
copper. Zeller (1963) emphasized that the enzyme contains two 
negatively charged binding sites. 
The increase in enzyme activity is dependent on its 
release by the tissues In the guinea pigs the liver seems to be 
the most important source of enzyme and its release seems to be 
mediated through the concomitant release of heparin (Giertz e^ t a] , 
1964 and Schmutzler et al., 1965). Giertz (1964) has shown in 
experimental observation on perfused guinea pigs liver that heparin 
has in fact the ability to release liver histaminase. 
The level of histaminase is generally high in the 
intestinal mucosa (Waton, 1956) and it is absent in brain (Jonson 
and White, 1964). The toxicity of histamine is lower when given orally 
as compared to parentrally administered (Bovet and Movent Nitti, 
1948). The metabolic pathway catalyzed by histaminase has the 
role of limiting the biological effects of exogenous histamine or of the 
endogenous histamine escaping in the circulation when it is released 
in large amounts 
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MONOAMINE OXIDASE (MAO: EC1.4.3.4) 
Monoamine oxidase is a flavin-contaming enzyme 
located on the outer membrane of the mitochondria (Costa and 
Sandler, 1972). It was first reported in liver by Hare (1928). Oxidative 
deamination of primary monoamines by the mitochondrial enzyme 
monoamine oxidase produces NH^, aldehye and H^Oo. agents with 
established or potential toxicity (Cooper e la l . , 1978; Benedetti and 
Dostart, 1989). 
Monoamine oxidase is one of the major mammalian 
neuronal enzymes. It is active in both neuron and glial cells in the 
brain It plays a strategic role in inactivating catecholamines that are 
free within the nerve terminals and not protected by the storage 
vesicles (Coyle and Synder, 1981) When monoamines leak from the 
synaptic vesicles, MAO acts within the nerve fibre itself. The concept 
of two distinct forms of MAO has gained wide acceptance (Johnston, 
1968; Houslay et ai., 1976; Leung et ai., 1981). Type A deaminates 
neurotransmitter amines such as 5-hydroxytryptamine (5-HT) and 
noradrenaline (NA) and is inhibited specifically by clergyline, whereas 
type B oxidizes benzylamine and p-phenylethylamine and is 
preferent ia l ly inhib i ted by depreny lpheny l - i sopropy lmethy l -
propenylamine (Tipten & Delia Corte, 1979). Both forms deaminate 
substrates such as Dopamine, tyramme and tryptamme (Houslay et 
a] , 1976) However, both forms of the enzymes are not found in all 
the tissues (Fuller & Roush, 1972). The deamination mechanism for 
both types are the same 
• l/itroclwction 
RCH2NH2+O2+H2O ^RCHO + NH3+H2O2 
One mole of O2 is required for the oxidation of one 
mole of substrate MAO acts only on those amines which have an 
ammo group attached to the terminal carbon atom (Blaschko, 1952) 
When the ammo group is directly attached to the benzene ring, 
deammation does not occur, but phynylethylamme and benzylamme 
are metabolized If the ammo group is not attached to the terminal 
carbon atom of the amines as in amphetamine and epinephrine, they 
are not metabolized by MAO Monoamine oxidase is known as the 
principal enzyme taking part in the deammation reactions (Yasunobu 
et aj 1968) Generally all the vertebrates contain MAO The usual 
sources of MAO are the mitochondria of liver, brain (Weiner, 1960), 
adrenal gland, kidney and peripheral and central nervous system 
(Blaschko et a] 1955) It is also found in heart, salivary gland, spleen 
and noradrenergic granules (Tripton et aJ , 1976) 
Inhibitors of MAO play a significant role in the 
metabolism of catecholamines, serotonin and other amines (Zellet et 
a t , 1952) The first monoamine oxidase inhibitor 1 e hydrazine 
was found in 1952 The use of such inhibitors increases the 
concentrat ion of neurohumours and decreases the excretory 
metabolites like VMA and HVA However the concentration of 
normetanephnne, metanephrine and octopamme are increased 
following administration of MAO inhibitors (Sjoerdsma 1966) The 
evidence that the two forms of MAO results from differences in 
membrane lipid binding suggests that the activity of the enzyme in 
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vivo might be affected by drugs and diseases that affect lipid 
metabolism. 
Cortisol 
Cortisol is a corticosteroid hormone, which is secreted 
from the adrenal cortex. The hormones of the pituitary adrenocortical 
axis are involved in the regulation of functions of the central nervous 
system (Holsboerm, 1989). They not only coordinate the 
neuroendocrine processes to stress itself, but also affect 
psycho-physiological processes. In 1936 Selye observed that diverse 
noxious agents cause an enlargement of the adrenal cortex as a 
consequence of the "stress syndrome". Yates and Maran (1974) 
reported that a variety of stressful events cause a release of ACTH 
from the anterior pituitary. The secreted ACTH stimulates the 
synthesis of corticosteroids in the adrenal cortex. The elevated 
corticosteroid levels in plasma then inhibit the further release of ACTH 
from the pituitary. In a series of elegant experiments, Harris (1948) 
demonstrated that the release of ACTH from the pituitary is regulated 
by a corticotropin-releasing factor (CRF) from the hypothalamus. The 
CRF synthesized in the hypothalamus reaches the pituitary by a 
private portal blood supply. It then stimulates the secretion of ACTH 
from the pituitary. CRF is a 41 aminol acid peptide (Vale eta]., 1981), 
and was thought to be the major, if not the sole means, of releasing 
ACTH from the pituitary. ACTH can also be released and regulated 
by catecholamines and other hormones (Axelrod and Reisine, 1984). 
2 J 
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There have been a number of investigations using Cortisol to assess 
the reaction of the pituitary-adrenocortical axis under various 
conditions Lundberg and Frankenhauser (1980) found increased 
Cortisol levels in situations which were accompanied by boredom, 
impatience and tiredness (vigilence task). In situations characterized 
by a high controllability and predictability (self-placed RT task), 
Lehmann et aj , (1992) reported an adrencortical suppression 
Furthermore, there is increasing evidence that Cortisol modulates brain 
function in humans This principal endogeneous glucocorticoid 
in humans increases slow-wave sleep and decreases rapid-eye-
movement sleep (Born et aJ , 1991) There is some evidence that heart 
rate changes are accompanied by Cortisol changes dependent on 
personality Furthermore, an increasing heart rate is related to 
increasing difficulty of a task (Eason and Dudley, 1971; Carrol et a[ , 
1986). 
Transaminases (Aminotransferases) 
The transaminases constitute a group of enzyme that 
catalyze the interconversion of amino acid and a-ketoacid by 
transfer of amino group. The a-ketoacid glutarate/L-glutamate 
couple serves as one amino group acceptor and donor pair in all amino 
transfer reactions, the specificity of the individual enzymes derives 
from the particular amino acid that serves as the other donor of 
an ammo group. Thus, aspartate aminotransferase (GOT 
EC.2.6.1.1) and alanine aminotransferase (GPT . EC.2.6.1.2) catalyze 
the reactions as follows' 
24 
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The reactions are reversible, but the equilibria of the 
GOT and GPT reactions favour formation of the aspartate and alanine 
respectively. Transaminases are widely distributed in animal tissues. 
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Asparate t ransaminase (GOT) have been isolated from the 
thermophilic microorganism Bacillus isothermophillus (Bartsch Klaus 
et al, 1996) In viral hepatitis and other forms of liver diseases 
associated with hepatic necrosis, serum GOT and GPT are found 
elevated even before the clinical signs and symptoms of disease 
appear (e.g. jaundice). Five to ten fold elevations of the two enzymes 
occur in patients with primary or metastatic carcinomas of liver, with 
GOT usually being higher than GPT (Vinitha et ai., 1995). Rapid 
increase in the activities of the two enzymes in serum have been 
reported during restraint stress (Sun et aj, 1995) and a slight or 
moderate elevations of both SGOT and SGPT activities may be 
observed after intake of alcohol and after administration of a variety 
of drugs (e.g. ampicillin) (Norbert, 1996). 
Lactate Dehydrogenase (EC 1.1.1.27) 
Lactate dehydrogenase, a hydrogen transfer enzyme catalyzes the 
oxidation of L-Lactate to pyruvate with the mediation of NAD as 
hydrogen acceptor. The reaction is reversible and the reaction 
equilibrium strongly favours the reverse reaction, i.e. reduction of 
pyruvate to lactate. 
CH CH 
3 3 
H-C-OH + NAD"^ ^ ^ C=0 +NADH+ H"^  
i I 
c=o coo" 
Lactate Pyruvate 
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Two isozymes (LDH-5 & LDH-4) of lactate 
dehydrogenase have been purified 21-fold from the liver of the rep-
t i le Varanus bengalensis (Masood et aj, 1997). Lactate 
dehydrogenases are inhibited by reagents with reactivity against thiol 
groups such as mercuric ions and p-chloromercuribenzoate. Inhibi-
tion can be reversed by the addition of cysteine or glutathione. LDH 
activity is present in almost all cells of the body. Enzyme levels in 
various tissues are very high compared to serum. Serum levels of 
LDH were found elevated at 2 hours and increased continuously upto 
8 hours of restraint stress (Sun et aj, 1995). LDH have been proved 
as tumor marker for their changes in concentration in serum, liver 
and kidney (Vinitha et a/, 1995). Exposure of rats to hypoxia pro-
duced a proportional loss of body and heart weight with an equal 
decrease in both LDH subunits H (heart) and M(l\/!uscles) (Kaaja and 
Ari, 1996). Pleural fluid LDH isoenzyme pattern may be helpful for 
the differential diagnosis of the most common causes of pleural effu-
sions; congestive heart failure, infections and malignancy (Lassos, 
Izodores et al, 1997). Elevation of LDH activity was observed in liver 
disease, but these elevations are not as great as the increases seen 
in transaminase activity. 
Sulfhydryl group: 
Sulfhydryl (-SH) group is also known as thiol group. It plays a key 
role in many important enzymes by acting as active enzymatic sites 
(Hoch and Vallee, 1959). In principle, any enzyme bearing an 
accessible thiol, essential for activity is capable of forming protein 
2 7 
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mixed disulfides or intramolecular disulfides by reacting with small 
disulfides. Formation of mixed disulfides or intramolecular disulfides 
can increase or decrease catalytic activity and examples of both are 
known. Furthermore, the extent of enzyme-s-thiolation would depend 
on the thiol-disulfide redox potential as well as the nature of the small 
disulfide and the micro-environment around the accessible protein 
thiol. These parameters are potentially capable of conforming the 
specificity required for a biological control mechanism through signal 
transmitted by changes in the thiol-disulfide redox potential as a 
function of different metabolic states 
Sulfhydryl groups derived from the side chain of 
cysteine residues, occur in a number of enzymes Sulfhydryl (-SH) 
group and dilsulfide (S-S) bond of cysteine are highly reactive and 
apparently involved in the maintenance of the conformation and 
biological activity of certain proteins, for example the receptors are 
protein in nature The reagents, which modify -SH group may 
influence the interaction of neurotransmitters with their recognition 
sites if their receptors have -SH groups. (Sobrino and Del Castillo, 
1972). 
Sulfhydryl groups play an important role in GST 
induced detoxification against electrophilic xenobiotics and toxicants 
by conjugating with such compounds and thus neutralizing their 
electrophilic sites (Habig et aj , 1974) Glutathione has been 
considered to function as biological antioxidant. It plays a pivotal role 
in the destruction of free radicals as well as inorganic and organic 
peroxides (Sohal eiaj., 1984). GSH is a naturally occurring and widely 
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distributed tripeptide. It consists of glycine, cysteine and glutamic 
acid moieties (Allen and Balui, 1989). It is the major nonprotein thiol 
compound in cells in concentration which range between 0.1 and 
10 mM (Kosower, 1976). It is synthesized intracellularly by the 
consecutive actions of y-glutamyl cysteine synthase and GSH 
synthase. Its concentration is dependent on metabolic rate and the 
level of oxidative stress (Allen et aJ., 1985). It has been implicated in 
a wide variety of biological functions, such as the maintenance of all 
membranes, destruction of metabolic peroxides and free radicals, 
detoxification of foreign compounds removal of H2O2, maintenance 
of thiol group of enzymes and proteins, control of redox status, 
disulfide exchange reaction, transport of amino acids and peptides 
across membranes (Hazelton and Lang, 1980; Meister and Anderson, 
1983; Ziegler, 1985). 
Superoxide dismutase (SOD : EC 1.15.1.1) 
All aerobic organisms utillized 0^ and must have some 
mechanism by which they can minimize Oy toxicity. One mechanism 
is the production of superoxide radical and its dismutation reaction, 
catalyzed by the enzyme superoxide dismutase (Harman, 1956; 1971). 
The superoxide anion is a free radical formed by one electron trans-
fer to oxygen, 
0° + e"^ O2 
Superoxide dismutase (SOD) catalyzes the dismutation 
between two moles of superoxide anion to yield one mole of oxidized 
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product (oxygen) and one mole of reduced product (hydrogen 
peroxide) (Klug etal., 1972). 
02 + 02 + 2H' ' ^ 0 2 + H2O2 
This is analogous to the dismutation of hydrogen 
peroxide to oxygen and water catalyzed by catalase, electrostatic 
repulsion between two molecules of superoxide anion limit their 
approach to one another; SOD overcomes the barrier and greatly 
increases the dismutation rate (Fridovich, 1976; 1978). 
Several forms of SOD have been identified since the 
enzyme was first discovered in 1969 by McCord and Fridovich. They 
identified the enzymatic activity associated with erythrocuprein, a 
copper-zinc protein of erythrocytes. The copper is associated with 
enzymatic activity, whereas the zinc is structural. Similarly, SOD 
activity is associated with a family of Cu-proteins, cerebrocuprein in 
brain and hepatocuprein of liver (Fried, 1979). In mammalian 
tissues, a second form exists in which manganese is the prosthetic 
group (Fridovich, 1976). In rats and mice the Mn SOD is localized to 
mitochondria, whereas Cu-Zu SOD is cytoplasmic. However, this 
distribution does not hold in other species. 
Fried and Mandel (1975) indicated that very high 
levels of SOD activity are present in liver, while the adrenals, kidney 
and red blood cells have intermediate activity and lower activities 
were found in most other tissue including brain. Regional distribution 
studies in the rat by Thomas and his coworkers (1976) showed a 
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relatively homogenous distribution in brain about a two-fold range 
from the highest area (medulla oblongate) to the lowest area 
(cortex). Subcellular distribution studies in the rat (Thomas et aj.. 
1976) showed the highest level in the cytoplasm while myelin has 
very low levels. 
Glutathione-S-transferase (GST : EC 2.5.1.18): 
Glutathione-S-transferase is a non-selenium 
dependent glutathione peroxidase (Sies et a/., 1979). It was first 
identified in 1961 (Booth et al., 1961; Coombs and Stakelum, 1961). 
The enzyme was subsequently named glutathione-S-aryltransferase. 
Later on, several other GSTs were demonstrated depending upon the 
substrate specificity. Following types of GSTs have been described 
so far: 
i. Glutathione-S-alkyI transferase, catalyzing the conjugation of 
a variety of alkylhalides with glutathione (Johnson, 1966). 
ii. Glutathione-S-epoxide transferase, active towards the conju-
gation of variety of alkylhalides with glutathione (Boyland and 
Williams, 1965). 
iii. Glutathione-S-alkene transferase, catalying the conjugation of 
unsaturated compounds with glutathione. 
The enzymes are almost ubiquitous in nature, and 
GST activity has been identified in man, non-human primates, rats, 
mouse, hamster, guinea pig, chicken, cow, sheep, trout and shark 
(Mannervik, 1985). The concentration of GST is, in general, high in 
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mammals (upto 10% of cytosolic proteins in some organs), in other 
species (shark) the level of activity is quite low(Sugiyama^f a/., 1981). 
In addition, it is generally present in most mammalian organs. 
The GST are a family of multifunctional protein 
that function both as important enzymes of detoxif ication and 
intracellular binding proteins (Boyer, 1989). As enzymes, they catalyze 
the reaction between nucleophil reduced GSH and large number of 
electrophillic compounds such as polycycllc aromatic hydrocarbons, 
aromatic, amines, azodyes, alkylating agents, carcinogens and 
neurotoxins (Boyland and Chasseaud, 1969; Habig et al., 1974; 
Jakoby, 1978; Chasseaud, 1979). They also bind a number of 
amphipathic compounds that they do not metabolize (non-substrate 
ligands) and have been suggested to act as intracellular transport 
proteins for compounds that have limited solubility in water (Levi g/ 
a./., 1969) 
Vitamins: 
Vit. C (Ascorbic acid) and Vit E (Tocopherol) are the 
most popular vitamins used for the treatment of various kinds of 
infectious diseases. They are considered to be naturally occurring 
antioxidants that have been proved useful. (Padh, 1991 and Sokol, 
1988) Ascorbic acid acts on a reducing agent with a hydrogen 
potential of +0.08V, making it capable of reducing, compounds such 
as molecular oxygen, nitrate and cytochrome a' and 'b'. It can also 
be required to maintain many metal cofactors in the reduced state 
Absence of this vitamin from the diet provokes multiple deficiency 
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states. The ascorbic acid occurs in more abundance in plants than in 
animal sources. 
Tocopherol or Vit E appears to be the first line of 
defense against peroxidation of polyunsaturated fatty acid contained 
in ce l lu lar and sub-ce l lu lar membrane phosphol ip ids. The 
phospholipids of mitochondria, endoplasmic reticulum and plasma 
membranes possess affinities for a-tocopherol (Malliwell and Chirico 
1993). It acts as antioxidants breaking free-radical chain reactions 
as a result of their ability to transfer a phenolic hydrogen to a peroxyl 
free-radical of a peroxidized polyunsaturated fatty acid 
R00° + TocOH ^ ROOM + TocO° 
Peroxyradicals Tocopherol 
ROO^ + TocO° ^ ROOH + Non-free radical products 
The phenoxy free radical formed may react with Vit C 
to regnerate tocopherol as shown in Fig. VI. 
The requirement for Vitamin E is increased with greater 
intake of polyunsaturated fat. Intake of mineral oils, exposure to 
oxygen, or diseases leading to inefficient lipid absorption may cause 
deficiencies of the Vitamin leading to neurologic disorder 
Antioxidant properties of Vit C and Vit E as radicaf 
Free radical 
chain reaction 
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scavenger have been extensively studied (Capuzzi G. et §[•, 1996). 
They are of major importance for protection against diseases and 
generative processes caused by oxidant stress (Free et al., 1989) 
Role of Vit E in particular have been reported in diseases like 
atherosclerosis (Stenibrecher UP., 1997) and cancer (Siweirczynski, 
J. etal., 1997). 
In the present study the alterations of above mentioned 
bioichemical parameters are assessed under different stress 
situations. The stresses studied were psychological (fear), physical 
(heat) and both (Immobilization and swimming). The effect of Vit C 
and Vit E treatment on the alteration of stress induced biochemical 
changes was also studied in terms of measurements of RBC AChE, 
plasma MAO, histaminase, Cortisol, serum GOT, GPT, LDH, tissue 
levels of sulfhydryl groups (total, free and protein bound) along with 
the activities of GST SOD, AChE and MAO. 
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Male Albino Wistar strain rats, weighing 180-220g, 
were housed in a room at 20-24°C and were maintained under 
standardized conditions of light (12h L; 12 h D) and on a diet of 
gram and water ad libidum. Total of 150 rats were kept at laboratory 
conditions for 1 week prior to the experimentation. The rats were 
divided into following groups: 
Group I : Control rats (10) - These rats were kept at 
laboratory condition till the termination of the 
experiments. This group was used as control for Group 
II rats. 
Group II: Immobilization stress (50) - This group was further 
divided into five sub-groups of 10 rats each, they were 
immobilized by keeping them in the wire mesh of their 
sizes for a period of 1,4,6, 12 and 24 hours by 
standardized method (Hasan et al., 1980). 
Group III: Swimming Stress (30) - These were divided into three 
sub-groups of 10 rats each, and exposed to swimming 
stress in plastic tray measuring 18" x 16" x 10" (water 
temperature 20 ± 2''C) for a duration of half an hour, 
1 hr and 4 hr. A group of 10 rats was run along with 
this set as controls (as Group I). 
Group IV: Heat stress (40) - Four sub-groups of 10 rats each 
were exposed to heat stress (SQ^C - 40°C) for a 
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duration of 1,2,4 and 6 hours. A group of 10 rats was 
run with this set as controls (as Group I). 
Group V: Fear stress (20): Two sub-groups of 10 rats each were 
kept in front of cats for 3 and 6 hours to induce fear 
psychosis. A group of 10 rats was run along with this 
as control (as Group I) which were kept away from cats 
in a room 
Vitamin Treatment: 
The effect of vitamins on the management of stress 
induced biochemical changes were evaluated. Both preventive and 
curative effect of the antioxidant vitamins (Vit E and Vit C) were seen 
on various stress conditions in terms of measurement of biochemical 
parameters. 
I- Pre-Treatment: 
For the study of the pretreatment, eighty male albino 
wistar strain rats weighing 180-220 gm were given single dose of 
combination of Vit C and Vit E (15 mg/Kg body weight each) dissolved 
in water prior to various stress treatment. These rats were then 
divided into following groups of stress treatment. 
Group A: Immobilization stress (20) - Two sub-groups of 10 
rats each were immobilized by keeping them in a wire 
mesh of their sizes for a period of 12 and 24 hour by 
standardized method (Hasan ej a]., 1980). A group 
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of 10 rats was run along with this as controls (as 
Group II) who received normal saline instead of 
vitamins prior to stress treatment. 
Group B: Swimming stress (20) - Two sub-groups of 10 rats each 
were exposed to swimming stress (water temperature 
20 ± 2°C) for a duration of 1 and 4 hours. C o n t r o l 
group consisting of 10 rats was run simultane-
ously (as Group III). These rats were given normal 
saline prior to stress treatment. 
Group C: Heat stress (20) - This group was divided into two 
sub-groups of 10 rats each. These were exposed to 
heat stress (39-40°C) for a duration of 4 and 6 hours. 
Control group consisting of 10 rats was run 
simultaneously (as Group IV) who received normal 
saline instead of vitamins prior to stress treatment. 
Group D: Fear Psychosis (20) - Two sub groups of 10 rats each 
were exposed to cat for duration of 3 and 6 hours to 
induce fear stress. A group of 10 rats was run along 
with it as control (as Group V). These rats were given 
normal saline prior to stress treatment. 
ti : Post-treatment: 
For the study of post-treatment with vitamins eighty male 
albino wistar strain rats weighing 180-220 gm were given a 
combination of Vit C and Vit E (15 mg/kg body weight each) 
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dissolved in water as a single dose after giving various stresses at 
different time intervals. The stress treatment was given after dividing 
them into different groups as follows: 
Group 1 : Immobilization stress (20) - Two sub-groups of 10 rats 
each were immobilized for a period of 12 and 24 hours 
by standardized method (Hasan etaj. , 1980). After this 
they were given a single dose of v i tamins as 
mentioned above. A group of 10 rats was also run 
along with this as controls (as Group II) who received 
normal saline instead of vitamin prior to stress 
treatment. 
Group 2: Swimming stress (20) - Two sub-groups of 10 rats each 
were exposed to swimming stress (water temperature 
20 ± 2*^0) for a duration of 1 and 4 hours.After stress 
they were given single dose of vitamins as mentioned 
above. Control group consisting of 10 rats was run 
simultaneously (as Group III). These rats received 
normal saline instead of vitamin prior to stress 
treatment. 
Group 3: Heat stress (20) - This group was divided into two 
sub-group of 10 rats each and these were exposed to 
heat stress (39-40''C) for a duration of 4 and 6 hours. 
After stress they were given single dose of 
vitamins as mentioned above. Ten rats receiving 
40 
normal saline instead of vitamins were run 
simultaneously which served as controls (as Group IV). 
Group 4: Fear psychosis (20) - Two sub-groups of 10 rats each 
were exposed to a cat for duration of 3 and 6 hours to 
induce fear stress. After this they were given single 
dose of vitamin as mentioned above. Ten rats 
receiving normal saline instead of vitamins were run 
simultaneously which served as controls (as Group V). 
The animals were sacr i f iced by in ject ing sodium 
pentobarbital (i.p. 50 mg/kg body weight). Heparinized and 
non-heparinized plasma and serum were obtained by 
centrifugation at 5000 rpm for 10-15 min. Plasma were subjected for 
the assay of MAO, histaminase and Cortisol. Serum was utilized for 
the estimation of GOT, GPT and i D H while RBC were used to 
measuring the activity of AChE. Tissues like brain, heart, liver, 
kidney and spleen were dissected out from each rat, washed and kept 
in chilled normal saline. Homogenates were prepared and were 
subjected to the estimation of AChE, MAO, GST, SOD, total free and 
protein bound sulfhydryl groups. Student 't' test was used for 
statistical analysis throughout the study. 
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Acetylcholinesterase: (Ellman et aj., 1961) 
Principle: 
The enzyme cata lyses the hydro lys is of substrate 
acetylthiochollne iodide into thiocholine and acetate. The thiocholine 
thus formed reacts with dithiobisnitrobenzoate to give yellow colour. 
The absorbance of this yel low colour is measured in the 
spectrophotometer. 
Reaction: 
+ AChE ^ + + 
(CH ) N CH CH SCOCH • — > ( C H ) N CH CH S+CH C00+ 2H 
3 3 3 2 3 3 2 2 3 
Acetythiocholine thiocholine acetate 
(CH ) N"^CH CH S+RSSR5IN1XCH ) NCH CH SSR+R 
3 3 2 2 " ^ 3 3 2 2 
where R - O2 N 
5-thio-2-nitrobenzoic acid (II) 
Method for RBC 
3.0 ml of the suspension of washed RBC (dilution 1 ;600 
in 0.1M phosphate buffer pH 8.0) were pipetted into a cuvette, 25|jl 
of 0.01 M DTNB prepared in 0.1M phosphate buffer (pH 7.0) and 
sodium bicarbonate (15 mg) was added. The cuvette was then placed 
into the photometer and its slit was adjusted so that the absorbance 
(at 412 nm) of the suspension in the cuvette was zero. 20 pi of 0.075M 
acetylthiochollne iodide (substrate) was added to this cuvette. 
Changes in absorbance at 412 nm were recorded for at least 6 
{2 
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minutes. Protein was estimated in tlie rest suspension of RBC. 
Calculation: 
Moles substrate hydrolyzed/min/mg protein = 
600 A 
0.0411 ( X ) 
13,600 Protein 
A 
= (4.41) 10'^ 
Protein 
_5 
Where 4.41 (10 ) is factor for dilution and extinction coefficient. 
Method for Tissues: 
The tissues were homogenized (20 mg/ml) In 0.1M 
phosphate buffer (pH 5.0),0.4 ml aliquot of this homogenate (w/v) 
added to a curvette containing 2.6 ml of 0.1 M phosphate buffer (pH 
8.0). To this 100 | j | O.OIttDTNB prepared in 0.1M phosphate buffer 
(pH 7.0) and sodium bicarbonate (15 mg) was added. The 
absorbance was set to zero at 412 nm. To this 20 pi of 0.075M 
acetylthiocholine iodide (substrate) was added. Changes in 
absorbance were recorded per minute. 
The rates were calculated as follows: 
A 1 A 
R = X = 5.74 (10"^) 
1.36(104) (400/3120)CO CO 
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Where R = rate in moles substrate hydrolysed per 
minute per g. of tissue 
A = Change in absorbance per minute 
CO = Original concentration of tissue (mg/ml) 
Quantitative Estimation of Proteins (Lowry et al., 1951) 
A suitable aliquot of the protein sample (washed 
erythrocytes) was diluted to 1ml with distilled water. To this was added 
5.0 ml freshly prepared copper reagent. The copper reagent was 
prepared by mixing 0.5% copper sulphate 1% (w/v), sodium 
potassium tartarte 2% (w/v), sodium carbonate in 0.1 N NaOH in 
1:50 ratio. After incubation for 10 minutes at room temperature, 0.5 
ml of 1 N Folin's reagent was added. The contents were rapidly mixed 
and colour intensity was read after 30 minutes against reagent blank 
at 660 nm. The concentration of proteins in the samples were 
determined using standard curve with BSA. 
Plasma Histaminase: (Arson and Kemp, 1964): 
Principle: 
Histaminase acts on histamine forming the product 
imidazole acetaldehyde, hydrogen peroxide and ammonia. During 
incubation period, the colourless orthodiansidine dye gets converted 
in a coloured compound whose optical density is measured in 
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spectrophotometer. 
Procedure: 
For each sample two tubes were used, one as control and 
the other as experimental, 3.0 ml 0.1M phosphate buffer (pH 7.2). 
0.15 ml of horse radish peroxidase type I (4 mg/100 ml), 0.15 ml of 
0-Dianisidine (img/ml in 96% alchohol) and 0.2 ml of freshly 
centrifuged plasma were added in both the tubes. 0.1 ml of 0.2 M 
histamine diphosphate was added to the experimental tube whereas 
0.15 ml of 0.1M phsosphate buffer (pH 7.2) was added to the control 
tube. Both the tubes were incubated at 37*'C in colourless condition 
At the end of fourth hour, the optical density of the coloured solution 
of both the tubes were measured at 470 nm in Beckman U.V 
spectrophotometer. The increase in optical density during incubation 
is the measure of histaminase activity and the activity was expressed 
in provisional units. 
Provisional Units: One provisional unit is defined equal to that which 
may produce an increase of 0.01 in optical density at 470 nm after 
incubation for 4 hours at 37°C. 
Plasma MAO Estimation (McEwen, 1971): 
Principle: 
The measurement of MAO activity depends on the 
conversion of amine to aldehyde. The substrate benzylamine is 
converted in to benzaldehyde which is extracted in the organic layer 
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cyclohexane) and is measured spectrophotometrically at 242 nm. 
RCH2 NH2 - ^ ° > RCHO + NH3 
Procedure: 
To 1 ml of plasma, 1.25 ml of 0.2M phosphate buffer (pH 
7.2) and 0.25 ml of 8 nM benzylamine prepared In phosphate buffer 
(substrate) was added. This was incubated in Dubnoff's metabolic 
shaker for 3 hours. The reaction was stopped by the addition of 0.25 
ml of 60% perchloric acid. A control tube was also ran along with it, 
in which substrate was added after stopping the reaction. The 
mixture in both control and experimental tubes was shaken 
thoroughly and 2.5 ml of cyclohexane was added. The aldehyde 
was extracted by shaking thoroughly in 2.5 ml of cyclohexane. It was 
stirred and allowed to stand for 15 minutes at room temperature. 
The emulsion was centrifuged and the cyclohexane layer was 
separated. This step was repeated with 2.5 ml of cyclohexane. The 
absorbance of the cyclohexane extracts were measured at 242 nm in 
silica cells against plane cyclohexane. 
Calculation: 
The difference of 0.01 in optical density in between 
control and experimental sample (using 1 ml plasma) is 
equivalent to one provisional unit (P.U.). The results were expressed 
in terms of P.U./ml of plasma. 
AActfeds 
PLASMA CORTISOL (Mattingly, 1962) 
Principle: 
A very high fluorescent is given by Cortisol at either 
a very high or a very low pH. Thus, Cortisol is extracted and 
fluorescence is measured after dissolving it in a strongly acidic 
medium. 
Method: 
Two ml of plasma, 2 ml of water and 2 ml of standard 
solution of Cortisol are pipetted in glass stoppered extraction tubes 
which served as unknown tube, blank tube and standard tube 
respectively. To each tube is added 15 ml of dichloromethane and the 
tubes are then rotated slowly from end to end for 20 minutes. The 
phases are then allowed to separate and the supernatant aqueous 
layer is discarded. The organic layer is washed with 3 ml of water. 10 
ml of this organic layer is then transferred to tube containing 5 ml of 
the "fluorescence reagent" and the contents are shaken for 20 
minutes. After 20 seconds the aqueous layer is transferred to curvettes 
and flurescence is measured at excitation = 470 and emission = 530 
nm. 
The concentration of Cortisol was expressed in terms 
of |jg/100 ml. 
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Transaminases: (Reitman and Frankel 1957) 
Principle: 
The pyruvate produced by transamination of 
a-ketoglutarate by GPT reacts with 2,4 Dinitrophenyl-hydrazine 
(DNPH) to give a brown-coloured hydrazone, which is measured in 
the colorimeter at 510 nm. The oxaloacetate formed in the reaction 
with GOT decarboxylates spontaneously to pyruvate, which is again 
measured by hydrazone formation. 
in both estimation the concentrations of the substrate 
are sub-optimal, to reduce the background colour given by 
a-ketoglutarate in the reaction with DNPH. 
Procedure for GOT: Four tubes were taken, marked Test, Control, 
Standard and Blank. 
In Test 0.5 ml GOT substrate (200 mM-DL-aspartic acid; 
2mM a-ketoglutarate in 0.1 M phosphate buffer, pH 7.4) was warmed 
at ST^C in water bath for 3 minutes. 0.1 ml of serum was added and 
the reaction mixture was incubated. After 1 hour the tubes were 
removed from the water bath and 0.5 ml of 1 mM 2,4-dinitrophenyl 
hydrazine (prepared in cone. HCI) was added. Whereas, in control 
0.5 ml of GOT substrate with 0.5 ml DNPH solution and 0.1 ml serum 
were mixed. Standard contained 0.1 ml of 4mM working pyruvate 
standard in 0.1 M phosphate buffer (pH 7.4) with 0.4 ml GOT substrate, 
0.1 ml of distil water and 0.5 ml of DNPH solution. 
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DNPH was allowed to react In the tubes for 20 minute 
at room temperature; then 5 ml of 0.4 N-sodium hydroxide was 
added. The colour obtained was recorded after 10 minutes at 510 nm 
with an llford 624 green filtre. 
Calculation: 
The pyruvate formed by the serum was 
responsible for the difference between Test and Control (T-C). The 
pyruvate in 0.1 ml of the working standard (0.4 \jt mole) produced the 
difference between Standard and Blank (S-B). Thus the pyruvate 
formed per minute per litre of serum is 
T-C 1 1000 T-C 
X 0.4 X = X 67 |j mole 
S-B 60 0.1 S-B 
The calculated pyruvate was converted into 
international Units per litre. 
Procedure for GPT: 
Same as above except that instead of using GOT 
substrate, GPT substrate (200 mM alanine and 2 mM 
a-ketoglutarate in 0.1M phosphate buffer pH 7.4) was used and the 
incubation time was reduced from 1 hour (SGOT) to 30 minutes for 
SGPT 
Calculation: 
The pyruvate formed per minute per liter of serum. 
4!) 
— Methods 
LDH : (Wroblewski and L. Due 1955) 
Principle : 
Serum is mixed with sodium pyruvate in the presence of 
NADH. The rate of oxidation of NAD* is measured by the reduction of 
optical density of the mixture at 340nm. 
Procedure : 
To 2.4 ml of 0.1 M phosphate buffer (pH 7.4), 0.1 ml of 
non-hemolyzed serum and 0.1 ml NADH (5 mg/2ml in 0.1 M 
phosphate buffer pH 7.4) was added. The reaction was allowed to 
proceed at room temperature for 20 minutes. 0.1 ml of sodium pyruvate 
(5 mg/2ml in 0.1 M PO buffer pH 7.4) was added. Changes in optical 
4 
density was recorded at every 30 seconds interval at 340 nm for 5 
minutes against blank consisting of all reagents except sodium 
pyruvate. 
Calculatlon: 
Decrease in O.D. of test solution in 5 min. x 1000=Units 
LDH activity/ml serum. 
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Sulfhydryl (-SH) Groups (Sedlak & Lindsay, 1968) 
Principle: 
5-5' clithiobis-2 nitrobenzoic acid (DTNB) is reduced by SH 
group of glutathione (GSH) in alkaline medium to produce one mole 
of 2-nitro-5-mercaptobenzoic acid per mole o f - S H group. The 
reaction is as follows-
R-SH+ 
S - < ^ 0 ) N O , R - S - S / O ) N O 
"COOH COOH 
y—V R-sVo^NO 
S - ^ O / N O , ^ tOOh 
^ COOH 
2-nitro-5-mercaptobenzoic 
acid 
The anion (2-nitro-5-mercaptobenzoic acid) has an intense yellow 
color, it can be used to measure -SH group at 412 nm. 
Procedure: 
(a). Total SH group: 
Tissues of rats were homogenized in chilled 0.15M KCl 
and the volume was adjusted to give 10% (w/v) homogenate. In 
0.1 ml of tissue homogenate, 11.5 ml of 0.2M tris buffer (pH 8.2) 
5! 
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containing 0.2 MEDIA and 0.1 ml DTNB (0.01 M) were added. The 
mixture was shaken and made to 10 ml with 8.3 ml of absolute 
methanol. The reaction mixture was centrifuged at 6,000 rpm for 5 
minutes in cold. The absorbance of the clear supernatent was read 
at 412 nm A calibration curve with different concentration of 
GSH (200-1600 ijmoles) was obtained according to the same 
procedure as described above. Total SH group in the samples were 
calculated using the standard curve and the results were expressed 
as pmoles/g tissue. 
(b). Free SH group: 
1ml tissue (10%) homogenate, prepared in 0.15 M KCI, 
was deproteinized by adding 1.0 ml of 10% TCA and centrifuged at 
6,000 xg for 5 minutes. 0.5 ml aliquot from clear supernatant was 
mixed with 0 5 ml distilled water^O 2 ml of 0.4 M tris buffer in 0 2M 
EDTA (pH 8.9) and 0.1 ml of 0.01 M DTNB, prepared in absolute 
methanol, were added to it with proper stirring. The absorbance was 
read at 412 nm within 30 minutes of the addition of DTNB A 
caliberation curve with different concentration of GSH (200-1600 
pmoles) was drawn by the same procedure as described above. 
Free sulfhydryl groups in the samples were calculated using the 
standard curve and the result were expressed as [jmoles/g tissue. 
(c) Protein bound SH group: 
Substracting free SH group from total SH group, as 
described by Sedlak and Lindsay (1963). 
'J (j. 
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Glutathione-S-Transferase: (Habigs et al 1974) 
Principle: 
The enzyme activity Is measured by following the 
increase in absorbance at 340 nm of CDNB-GSH conjugate 
generated as a result of GST catalysis between glutathione and 
1-chloro-2, 4-dinitrobenzene (CDNB). 
CDNB + GSH ^ CDNB - GSH conjugate 
Procedure: 
Different tissues of rats were homogenized in chilled 
phosphate buffer pH 6.5 (10% w/v) and centrifuged in cold for 15 min 
at 15000 rpm. To 0.1 ml of supernatant, 2.7 ml glutathione solution 
( ImM in phosphate buffer, pH 6.5) and 0.2 ml CDNB (1.0 mM in 
acetone) were mixed. The change in absorbance at 340 nm was 
recorded at room temperature against blank containing all the 
reagent except the enzyme. Protein content in enzyme source was 
also determined. 
Calculation: 
The values were calculated on the basis of molar 
3 -1 -1 
extinction co-efficient of CDNB (9.6 x 10 M cm ) and specific 
activity of enzyme was expressed in nmoies of GSH-CDNB 
conjugate formed per minute per mg protein 
O.D. x625 (factor) 
GST= 
Protein Cone, (mg) 
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= Units/mg protein 
O.D. = Change of optical density per minute. 
Superoxide dismutase (Marklund and Marklund 1974) 
Principle: 
Procedure depends upon autoxidation of pyrogallol. 
Pyrogallol + 0 ^ autoxidation . ^^ oxidation products +O2 
2O2 +2H* ^°° > O2+H2O2 
Procedure: 
Tissues were homogenized (10% w/v) in chilled 0.15M 
KCI and centrifuged in cold at 10,000 rpm for 15 min. To 0.05 ml of 
supernatent 2.85 ml 0.05 M tris-succinate buffer (pH 8.2) was added, 
mixed well and incubated at 25''C for 20 minute. The reaction was 
started by adding 0.1 ml of 8 nM pyragallol solution. Change in 
absorbance per minute was immediately recorded for initial 3 
minutes at 420 nm of Beckman DU-6 UVA/IS spectrophotometer. A 
Reference set consisting of 0.05 ml distilled water instead of the 
sample solution, was also run simultaneously 
Calculation: 
(AA/min ref - AA/min sample) x 30 
SOD Activity = 
(AA/min ref/2x0.05 x units/10 mg tissues 
' Metfeds 
where AA/min ref= Change of absorbance per min. in 
reference set. 
AA/min sample - Change of absorbance per min in sample. 
Activity Unit: One unit of the enzyme is defined as the amount of 
enzyme which causes a 50% inhibition of pyrogallol autoxidation 
under assay conditions. 
Monoamine Oxidase (Tabor et^aL, 1953): 
Principle: 
The benzylamine undergoes oxidative deaminatlon in the 
presence of MAO and benzaldehyde is formed. 
Procedure: 
The reaction mixture was a final volume of 2 ml 
consisted of 0.4 ml of 0.5M phosphate buffer (pH 7.2), 0.1 ml of 0.1 M 
benzylamine hydrochloride and 0.2 ml of tissue homogenate (10% w/ 
v). The reaction mixture was incubated at 37°C for 30 minutes. The 
reaction was stopped by adding 1.0 ml of 10% PCA. The proteins 
were precipitated by centrifugation at 2,500 rpm for 10 minutes. The 
optical density of benzaldehyde formed was read in the supernatent 
at 250 nm against the blank treated similar to samples containing 0.2 
ml of buffer that replaces the sampfe. Protein contents were also 
determined 
Calculation: 
The enzyme activity was expressed as nmoles benzaldehyde 
formed/min/mg protein. 
ft 
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Changes in the circulating and tissue levels of various 
biochemical parameters during different stresses 
A) Restraint stress: 
The levels of plasma histaminase Cortisol, serum, GOT, 
GPT, and LDH were significantly increased (p<. 001) while the levels 
of plasma MAO and RBC AChE were significantly decreased (p<0.001) 
after immobilization stress as compared to controls (Table 1.1 Fig. 1 
& 2). The changes in these parameters were gradual from one hour 
of stress to 24 hour of stress, showing minimal change at one hour 
while maximum at 24 hours. 
A significant decrease (p<. 001) in the levels of total, free 
and protein bound SH groups along with the decreased activities of 
SOD, GST and AChE was observed during stress (Table 1 2 - 1 6 , 
Fig. 3-12). Maximum concentration of SH group was observed in the 
tissues of brain, liver and spleen (Table 1.2-1.4 & 1.6). Gradual 
significant decrease (p<. 001) in the activity of ,^STN aui^ ^ ,SOD was 
observed in all the tissues like brain, hearl, Wver, kidney an^spieen 
with the duration of stress (Table 1.2-1.65.J, jSP- No ) "^jj 
The activity of MAO was s ign i f i car t t4^deor^sed j^ 001) 
during 1, 4 and 6 hours of stress, whereas at 12 and 24 hours the 
activity was increased but less significantly (p< 05) as compared to 
5 b 
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Table 1 1 . Restraint Stress Induced changes in 
the Activities of RBC AChE, Plasma MAO, 
Histaminase Cortisol, SGOT, SGPT 
and LDH in rats (Mean ± SEM) 
Time interval (Hours) 
RBC 
AChE 
Control 
(20) 
3 635 
(±0 141) 
(^ moles/mm/mg X 10^) 
protein 
MAO 
(P U/ml) 
Histaminase 
(P U/ml) 
Plasma 
Cortisol 
(^g %) 
SGOT 
(l/U/ml) 
SGPT 
(1 U/ml) 
LDH 
(U/ml) 
5 679 
(±172) 
14 174 
(±0 598) 
9 851 
(±0 571) 
12 416 
(±0 72) 
12 66 
(±72) 
162 87 
(±4 370) 
1 
(10) 
3 02" 
(± 068) 
4 08^ 
(±112) 
20 215^ 
(±0 471) 
11 427" 
(± 720) 
25 166^ 
(± 561) 
28 166^ 
(± 561) 
303 80= 
(±2 628) 
4 
(10) 
2 796= 
(±041) 
3 787= 
(± 066) 
22 739= 
(± 393) 
16 35= 
(± 630) 
32 466= 
(±0 460) 
33 428= 
(± 460) 
406 83= 
(±4 587) 
6 
(10) 
2 714= 
(±041) 
3 422= 
(± 071) 
26 566= 
(±0 627) 
16 981 = 
(± 620) 
40 00= 
(±0 636) 
41 16= 
(± 636) 
595 33= 
(±2 102) 
12 
(10) 
2 141 = 
(±0 05) 
2 950= 
(±0 063) 
38 42= 
(±0 627) 
18 433= 
(± 591) 
40 33= 
(±0 852) 
50 166= 
(± 852) 
694 40= 
(±4 531) 
24 
(10) 
1 912= 
(±0 031) 
2 512^ 
(±0 092) 
39 32= 
(±0 753) 
20 015= 
(±619) 
52 833» 
(±0 513) 
53 016= 
(±518) 
805 00= 
(±5 277) 
The number in parenthesis indicates the number of rats 
Abbreviations 'a' 'b' and 'c' indicate level of significance a p<0 001, b p<0 01 
cp<0 05 in comparison to controls 
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Table 1.2 : Restraint Stress induced changes in the Levels of 
Total, free and Protein bound SH gp, and the activities of 
SOD, GST, AChE and MAO in the tissues of 
Rat Brain (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
{\i moles/gm 
tissue) 
Free SH gp 
(|i mole/g 
tissue) 
Protein 
bound SH gp 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(u mole 
/min/mg 
protein x10' ) 
C 
(20) 
19.161 
(±0.448) 
5.233 
(±0.102) 
13.928 
(±.101) 
161.92 
(±2.022) 
6.281 
(±0.185) 
1.483 
(±0.099) 
MAO 1.26 
(n moles (±0.024) 
benzaldehyde 
/min/mg protein) 
1 
(10) 
18.115^ 
(±0.288) 
4.896^ 
(±0.191) 
13.231^ 
(±.040) 
158.85^ 
(±1.816) 
4.784^ 
(±0.221) 
1.32^ 
(±0.061) 
LOG'' 
(±0.056) 
4 
(10) 
16.406^ 
(±0.521) 
4.776^ 
(±0.031) 
12.63=' 
(±0.070) 
153.62' 
(±1.591) 
3.836^ 
(±0.219) 
1.107" 
(±0.053) 
0.928" 
(±.023) 
6 
(10) 
15.913^ 
(±0.35) 
4.694^ 
(±0.078) 
12.219^ 
(±0.103) 
149.66= 
(±1.919) 
3.635^ 
(±0.240) 
0.946= 
(±0.031) 
0.798= 
(±.028) 
12 
(10) 
14.125= 
(±0.425) 
4.373=' 
(±0.103) 
9.752= 
(±0.072) 
131.45= 
(±2.037) 
1.975= 
(±0.238) 
0.73= 
(±0.032) 
1.272<= 
(±.059) 
24 
(10) 
13.35= 
(±0.371) 
3.957= 
(±0.037) 
9.393= 
(±0.087) 
128.08= 
(±1.758) 
1MS^ 
(±0.040) 
0.623= 
(±0.024) 
1.300'= 
(±.038) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 1.3 : Restraint Stress Induced Changes in the Levels of 
Total, Free and Protein Bound SH gp, along with the 
Activities of SOD, GST, AChE and MAO in the 
Tissues of Rat Heart (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(^ i moles/gm 
tissue) 
Free SH gp 
{\x mole/gm 
tissue) 
Protein SH 
bound SH gp 
(u moles/g 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
((J. mole 
/min/mg 
protein x10' ) 
C 
(20) 
4.452 
(±.112) 
1.337 
(±.010) 
3.315 
(±.058) 
128.08 
(±.262) 
5.733 
(±0.223) 
0.928 
(±0.086) 
MAO 0.924 
(n moles (±0.019) 
benzaldehyde 
/min/mg protein) 
1 
(10) 
4.345'^  
(±.169) 
1.245'^  
(±.092) 
3.109 
(±.025) 
127.58' 
(±.543) 
5.36^ 
(±.130) 
0.784" 
(±0.028) 
0.811 = 
(±.016) 
4 
(10) 
4.221^ 
(±.174) 
1.118^ 
(±.141) 
3.033=' 
(±.041) 
123.8r 
(±.446) 
5.033^ 
(±0.082) 
0.751" 
(±0.024) 
0.791 = 
(±.006) 
6 
(10) 
4.003' 
(±.202) 
1.124= 
(±.130) 
3.879' 
(±.060) 
108.04' 
(±0.387) 
4.35' 
(±0.069) 
0.694' 
(±0.033) 
0.696" 
(±.020) 
12 
(10) 
3,724' 
(±.264) 
1.022' 
(±.010) 
2.764' 
(±.042) 
102.79' 
(±0.42) 
3.825' 
(±.094) 
0.618' 
(±0.024) 
0.964= 
(±.0.13) 
24 
(10) 
3.633' 
(±.104) 
.869' 
(±0.13) 
2.702' 
(±0.58) 
98.35' 
(±.260) 
3.66' 
(±.103) 
0.609' 
(±.025) 
0.985= 
(±.0.18) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 1.4 : Restraint Stress Induced Changes in the Levels of 
Total, Free and Protein Bound SH gp, changes in the 
Activity of SOD, SGT, AChE and MAO in the 
Tissues of Rat Liver (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
{}x moles/gm 
tissue) 
Free SH gp 
(n mole/g 
tissue) 
Protein SH 
bound SH gp 
(m moles/g 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/min/mg 
protein x10" ) 
C 
(20) 
8.451 
(±.301) 
1.524 
(±.013) 
6.927 
(±.031) 
178.35 
(±341) 
9.20 
(±.336) 
1.656 
(±.049) 
MAO 1.394 
(M. moles (±.035) 
benzaldehyde 
/min/mg proteirhn) 
1 
(10) 
8.367'= 
(±.381) 
1.437 
(±.009) 
6.860'= 
(±.115) 
173.70^ 
(±.265) 
8.73^ 
(±0.66) 
1.167" 
(±.042) 
1.33-= 
(±.031) 
4 
(10) 
7.869^ 
(±.457) 
1.429^ 
(±.010) 
6.44^ 
(±0.83) 
164.80^ 
(±.314) 
8.26^ 
(±0.196) 
1.058" 
(±0.28) 
1.31'= 
(±0,33) 
6 
(10) 
7.166^ 
(±.117) 
1.355^ 
(±.006) 
5.811' 
(±.048) 
158.85=' 
(±.437) 
7.765^ 
(±0.258) 
1.029' 
(±.033) 
1.268" 
(±.048) 
12 
(10) 
6.730' 
(±.055) 
1.213' 
(±.014) 
5.517' 
(±.110) 
142.22' 
(±.286) 
7.123' 
(±0.188) 
0.928" 
(±0.24) 
1.404'^  
(±.023) 
24 
(10) 
6.257' 
(±.062) 
1.150' 
(±.007) 
5.017' 
(±.078) 
136.78' 
(±.655) 
6.16' 
(±0.231) 
0.909' 
(±.018) 
1.465= 
(±.031) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
63 
o 
e 
a 
I 
c 
10 
E 
6 tr 
10 -
6^-
u 
o 
E 
10 
0 J Q -J 
Total SH 9P 
* Pro te in SH 
Free SH gp 
1 A 6 12 
Time d u r a t i o n ( H o u r s ) 
24 
Fig. 7 Alterations in the leveis of sulfhydryl groups (total, free and protein 
bound) in the tissues of rat liver after restraint stress 
in 
2.0'o-
X 
c 
t l 
0 
0 ' 
E 
~ 
c 
£ 
^ 1.0 r 
— 0 
E 
3. 
^ UJ 
J : . 
<t 
0 -
2.0-
1.0 -
IT 
£ 
~-D 
.^^  Q -
O 
(/I 
0 -
8 -
^ 
c 
tl 
0 . 
I . 
a 
a i 
E 
•* c 
E 
t. - -
M 
«> 
O 
E 
c 
.. 
t - " 
U1 
o 
0 -
t ^ 
^ - - - 1 . 
• 200 
• ~ - ^ ^ 
•100 
"•~*^ - I AChE 
I 
_L 
1 4 6 12 
T i m e d u r a t i o n ( H o u r s ) 
24 
Fig. 8 Alterations in the activities of GST, SOD, AChE and MAO in the 
tissues of rat liver after restraint stress. 
64 
-Tables 
Table 1.5 : Restraint Stress Induced Changes in the Levels of 
Total, Free and Protein Bound SH gp, along with the 
Activities of SOD, GST, AChE and MAO in 
Rat Kidney (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(n moies/gm 
tissue) 
Free SH gp 
(^ i. mole/gm 
tissue) 
Protein 
tx)und SH gp 
(i^ moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(^ mole 
/min/mg ^ 
protein x10' ) 
C 
(20) 
6.171 
(±167) 
1.306 
(±.011) 
4.865 
(±.018) 
143.46 
(±.0.195) 
6.311 
(±.090) 
1.02 
(±.0.028) 
MAO 0.703 
(n moles (0.025) 
benzaldehyde 
/min/mg protein) 
1 
(10) 
6.079' 
(±.158) 
1.263' 
(±.012) 
4.816'= 
(±.026) 
139.47= 
(±0.194) 
5.868" 
(±.126) 
0.956" 
(±0.021) 
0.67r 
(±016) 
4 
(10) 
6.008= 
(±.146) 
1.198" 
(±.010) 
4.810'' 
(±.021) 
136.87= 
(±0.164) 
4.425= 
(±0.162) 
0.851 = 
(±.019) 
0.65'^  
(±.018) 
6 
(10) 
5.682= 
(±.078) 
1.027" 
(±.007) 
4.655= 
(±.025) 
131.45= 
(±0.335) 
4.628= 
(±0.109) 
0.783= 
(±.026) 
0.638<^  
(±.016) 
12 
(10) 
5.476= 
(±.044) 
.985= 
(±.010) 
4.491^ 
(±.024) 
130.65= 
(±.183) 
3.84= 
(±.114) 
0.709= 
(±.019) 
0.795" 
(±.018) 
24 
(10) 
5.433= 
(±.051) 
0 966= 
(±.009) 
4.467= 
(±.027) 
127 21 = 
(±.160) 
2611^ 
(±0.099) 
0.706= 
(±.018) 
0.753'' 
(±.015) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
61) 
o 
E 
::> 
a 
en 
I 
(/I 
c 
o 
u 
Q. 
S-2 
6 E 
Jo Jo 
Total SHgp 
' Prote in SH gf 
- ' F r e e SH gp 
_L I 
1 U 6 
T i m e d u r o t i o n ( H o u r s ) 
12 lU 
Fig . 9 Al terat ions in ttie ievels of su l fhydry l groups ( tota l , f ree and rotein 
bound) in the t issues of rat l^idney after restraint stress. 
c 
tl 
0 
u 
a 
E 
c 
F 
%i 
•a 
T3 
O 
N 
c 
<i 
O 
E 
^^  
o _ 
«1 
2. 
*-^ in 
X 
c 
K 
a-
01 
£ 
c 
£ 
1.0 2-
o 
£ 
^ 
—^ LJ 
£ _ 
o 
< 
0 -
- 1 
2.0 -
1.0 -
Ol 
E 
Z) 
^^  
o ^ 
o 
1/1 
0 -
-
8 -
— 
c 
t l 
o 
I . ~ 
a O' 
E 
"^  c 
i 
«i 
0 
E 
c 
_ 
o 
0 -
200 
100 T__ 
~ - * - ^ ^ 
.r- -
GST 
MAO 
* SOD 
_L 
1 ^ 6 12 
Time d u r a t i o n ( H o u r s ) 
lu 
Fig . 10 Changes in the act iv i t ies of GST, SOD, A C h E and MAO in the t issues 
of rat k idney after restraint st ress. 
6G 
-Tables 
Table 1.6 : Restraint Stress Induced Changes in the Levels of 
Total, Free and Protein Bound SH gp, along with changes 
in the Activities of SOD, GST, AChE and MAO in the 
Tissues of Rat Spleen (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(fo, moles/gm 
tissue) 
Free SH gp 
(^ i, mole/gm 
tissue) 
Protein SH 
bound SH gp 
(m moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/min/mg 
protein x10' ) 
C 
(20) 
7.911 
(±.116) 
1.625 
(±.011) 
6.286 
(±.107) 
150.45 
(±.429) 
6.411 
(±0.101) 
1.225 
(±0.027) 
MAO 0.635 
(n moles (±0.016) 
benzaldehyde 
/min/mg protein) 
1 
(10) 
7.795" 
(±.107) 
1.525" 
(±.016) 
6.27^ 
(±.140) 
144.32= 
(±.515) 
6.100» 
(±0.117) 
1.021" 
(±0.020) 
0.645"= 
(±.026) 
4 
(10) 
7.639" 
(±.155) 
1.499" 
(±.062) 
6.14" 
(±.013) 
136.87= 
(±.545) 
5.825= 
(±0.135) 
0906" 
(±0.021) 
0.620-= 
(±.049) 
6 
(10) 
7.435= 
(±.134) 
1.400= 
(±.092) 
6.035" 
(±.017) 
129.65= 
(±.491) 
4.65= 
(±0.072) 
0.787" 
(±.015) 
0.550" 
(±0.018) 
12 
(10) 
7.088= 
(±.132) 
1.361 = 
(±.009) 
5.827" 
(±.099) 
121.58= 
(±.591) 
3.325= 
(±0.131) 
0.727" 
(±.016) 
0.625^ 
(±.023) 
24 
(10) 
6.971 = 
(±.128) 
1.205= 
(±.012) 
5.766" 
(±.120) 
118.04= 
(±.557) 
1.975= 
(±0.1 r 
0.725" 
(±0.026 
0.635-= 
(±.029) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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its respective normal level (Table 1.2-1.6, Fig.3-12). In the tissues of 
brain and liver the activity of MAO was iess significantly increased 
(p<. 05) after the 24 hours of restraint stress compared to its 
respective normal level (Table 1.2 & 1.4). Maximum alterations in the 
biochemical parameters were observed during 12 and 24 hours of 
stress. The pattern of changes observed in various tissues like 
brain,heart, liver, kidney and spleen were similar. 
Swimming stress: 
A significant increase (p<. 001) in the levels of plasma 
histaminase, Cortisol and serum GOT, GPT and LDH were observed 
while the levels of plasma MAO and the activity of RBC AChE were 
significantly decreased (p<. 001) after swimming stress as compared 
to control (Table 2.1, Fig. 13 & 14). The changes in these levels were 
gradual with duration of stress of half, 1 and 4 hours. 
The levels of total, free and protein bound SH groups were 
significantly decreased (p<0.001) along with the decreased activities 
of GST, SOD and AChE in all the tissues like brain, heart, liver, 
kidney and spleen (Table 2.2-2.6, Fig. 15-24) whereas the activity of 
MAO was decreased significantly (p<O.Ol) during the initial period of 
stress of half and 1 hour but increased less significantly (p<0.05) in 
the tissues of brain, heart, liver and kidney with increased period of 
swimming stress (table 2.2-2,5, Fig. 15-22) as compared to the 
normal levels whereas significantly increased in the level of MAO 
was recorded in the tissues of spleen. Maximum changes in the 
parameters were observed during 4 hours of swimming stress. 
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Table 2.1 : Swimming Stress in Rats Induced Changes 
in the Activities of RBC AChE, Plasma MAO, 
Histaminase, Cortisol, SCOT, SGPT 
and LDH (Mean ± SEM) 
Time Interval (Hours) 
RBC 
AChE 
((i moles/mir^mg 
protein x 10' ) 
MAO 
(P.U/ml) 
Histaminase 
(P.U/ml) 
Plasma 
Cortisol (^9%) 
SCOT 
(I.U/ml) 
SGPT 
(I.U/ml) 
LDH 
(U/ml) 
Control 
(20) 
3.635 
(±0.141) 
5.679 
(±.172) 
14.174 
(±0.598) 
9.851 
(±.571) 
12.416 
(±0.624) 
12.66 
(±.720) 
162.87 
(±4.370) 
1/2 
(10) 
3.302'' 
(±.0.041) 
3.755^ 
(±.045) 
21.889^ 
(±0.492) 
10.933'' 
(±.706) 
22.33= 
(±0.720) 
21.83^ 
(±.0.386) 
303.16^ 
(±4.893) 
1 
(10) 
2.98r 
(±.0.031) 
3.725' 
(±.066) 
29.681^ 
(±0.568) 
13.055" 
(±.620) 
27.166= 
(±0.370) 
33.5= 
(±0.574) 
405.33= 
(±4.617) 
4 
(10) 
2.328^ 
(±0.045) 
3.026= 
(±.039) 
38.685= 
(±0.55) 
15.312" 
(±.619) 
42.166= 
(±1.035) 
36.33= 
(±0.629) 
614.66= 
(±5.729) 
The number in parenthesis indicates the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 2.2 : Swimming Stress Induced Changes in the 
Levels of Total, Free and Protein Bound SH gp, and the 
Activities of SOD, GST, AChE and MAO in the 
Tissues of Rat Brain (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
((A moles/gm 
tissue) 
Free SH gp 
()x mole/gm 
tissue) 
Protein 
bound SH gp 
(fi moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
((J. mole 
/min/mg ^ 
protein x10' ) 
MAO 
(n nrYoles 
benzaldehyde 
/min/mg protein) 
Control 
(20) 
19.161 
(±0.448) 
5.233 
(±0.102) 
13.928 
(±0.101) 
161.92 
(±0.342) 
6.281 
(±0.185) 
1.483 
(±0.099) 
1.26 
(±0.024) 
1/2 
(10) 
18.45=' 
(±0.510) 
5.173" 
(±.154) 
13.277" 
(±.0.108) 
148.85^ 
(±0.269) 
5.285=" 
(±0.68) 
1.241^ 
(±0.033) 
1.008" 
(±0.27) 
1 
(10) 
16.86^ 
(±0.907) 
5.055^ 
(±.132) 
11.805== 
(±0.157) 
139.66^ 
(±0.233) 
4.31^ 
(±0.079) 
1.08" 
(±0.030) 
0.946" 
(±.021) 
4 
(10) 
15.35r 
(±.540) 
4.830" 
(±.106) 
10.42 V 
(±0.140) 
126.87^ 
(±0.254) 
3.078= 
(±0.100) 
0.827^ 
(±0.031) 
1.248=' 
(±.019) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 2.3 : Swimming Stress Induced Changes in the 
Levels of Total, Free and Protein Bound SH gp, and the 
Activities of SOD, SGT, AChE and MAO in the 
Tissues of Rat Heart (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(ix moles/gm 
tissue) 
Free SH gp 
(^ mole/g 
tissue) 
Protein SH 
bound SH gp 
(m moles/g 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(m mole 
/min/mg _ 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg proteimn) 
Control 
(20) 
4.452 
(±.112) 
1.337 
(±0.10) 
3.315 
(±.058) 
128.08 
(±.262) 
5.733 
(±.0.223) 
0.928 
(±.0.086) 
0.924 
(±0.019) 
1/2 
(10) 
4.303" 
(±.121) 
1.234" 
(±.120) 
3.069^ 
(±.049) 
123.66' 
(±.180) 
5.45^ 
(±.0.106) 
0.892' 
(±.0.14) 
0.865' 
(±.008) 
1 
(10) 
4.244' 
(±.148) 
1.157' 
(±.114) 
3.05' 
(±.077) 
119.79' 
(±.138) 
4.971' 
(±.0.177) 
0.678' 
(±.19) 
0.814' 
(±.020) 
4 
(10) 
4.027' 
(±.167) 
1.085' 
(±.020) 
2.947' 
(±.061) 
110.74' 
(±.160) 
3.866' 
(±.d.021) 
0.529' 
(±.014) 
0.967^ 
(±.014) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 2.4 : Swimming Stress induced Changes in the 
Levels of Total, Free and Protein Bound SH gp, and the 
Activities of SOD, GST, AChE and MAO in the 
Tissues of Rat liver (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(n- moles/gm 
tissue) 
Free SH gp 
((J. mole/gm 
tissue) 
Protein 
bound SH gp 
(n moles/g 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(fj. mole 
/min/mg ^ 
protein xlO' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
Control 
(20) 
8.451 
(±.301) 
1.524 
(±.013) 
6.927 
(±.031) 
178.35 
(±.341) 
9.20 
(±.336) 
1.356 
(±.049) 
1.394 
(±.035) 
1/2 
(10) 
8.282" 
(±215) 
1.430" 
(±..016) 
6.852^ 
(±.040) 
164.80^ 
(±.176) 
7.665» 
(±.275) 
1.253^ 
(±.028) 
1.256^ 
(±.019) 
1 
(10) 
7.839= 
(±.204) 
1.299= 
(±.014) 
6.54^ 
(±.061) 
153.62^ 
(±.345) 
6.165= 
(±.248) 
1.168= 
(±0.025) 
1.239= 
(±.020) 
4 
(10) 
7.289= 
(±.104) 
1.197= 
(±..018) 
6.092= 
(±.036) 
139.47= 
(±.384) 
5.525= 
(±.146) 
0.984= 
(±.015) 
1.344^ 
(±.020) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 2.5 : Swimming Stress Induced Changes in the 
Levels of Total, Free and Protein Bound SH gp, along with 
changes in the Activities of SOD, GST, AChE and MAO 
in Rat Kidney (Mean ± SEM) 
Time Interval (Hours) 
Control 
(20) 
1/2 
(10) 
1 
(10) 
4 
(10) 
Total SH gp 
(|i moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
6.171 
(±.167) 
1.306 
(±.011) 
6.086^ 
(±.093) 
1.213« 
(±.007) 
5.864^ 
(±.010) 
1.096' 
(±.008) 
5.671' 
(±.064) 
1.003^ 
(±.012) 
Protein 
bound SH gp 
(fi moles/gm 
tissues) 
4.865 
(±.018) 
4.813'^  
(±.024) 
4.768' 
(±.022) 
4.668' 
(±.025) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(^ mole 
/min/mg 
protein xlO' ) 
143.46 
(±0.195) 
6.311 
(±.090) 
1.02 
(±0.028) 
139.47' 
(±0.223) 
5.646' 
(±.135) 
0.97' 
(±0.17) 
129.09' 
(±0.341) 
5.025' 
(±.104) 
0.887' 
(±.015) 
120.56' 
(±.206) 
3.225' 
(±.115) 
0.753' 
(±.026) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
0.703 
(±0.025) 
/ ^ ^ 
0.668'^ 
T' 
0.65' 
(±017) 
i \ Ace. No ' I 
v^,v: 
0.702-= 
(±.017) 
* The number in parenthesis inateaia'teflumf^r of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
8 
10 - 2.5 -
8 w* "• 
e 
CP 
o 
E . 
a 
cn-
I 
in 
c . 
<i 
o 
2.0 _^ -
6 
01 
6 °-^ h3U 
a. 
I 
01 
2 -
a-
u< 
"5 
o. 
0.5 - 2 
0 - l O -Jo 
I . . 
- - ^ • ^ • i . . 
Total SHgp 
-* Pro te in SHgp 
•-* F ree SH gp 
_L JL _L 
C I / 2 1 4 
T i m e d u r a t i o n ( H o u r s ) 
F ig . 21 A l te ra t ions in the leve ls of su l fhydry l groups ( to ta l , f ree and pro le 
bound) in the t issues of rat k idney af ter sw imming stress. 
c 
»l • 
o 
a 
(71 
E 
c , 
E 
i S Y^^ 
o 
2.0^^ 2.0 
10 
- : . i s ; 1.5 
o 
X. 
o 
<. 
0.5 -jO.5 
250 
200 
E 
6 c 1 
^1 
J 0 - I Q -
O 
150 
100 
50 
0 - " 0 
GST 
^ . . ^ - I SOD 
•j.rl AChE 
MAO X - -
X I 
C 1/2 1 4 
T i m e d u r a t i o n ( H o u r s ) 
F ig . 22 Changes in the ac t iv i t ies of GST, S O D , AChE and MAO in the t iss t 
of rat k idney af ter sw imming stress. 
•—• T a b l e s 
Table 2 6 : Swimming Stress^ Induced Changes in the 
Levels of Total, Free andlProtein Bound SH gp, along with 
changes in the Activities of SOD, GST AChE and MAO 
in Rat Spleen (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
{\i. moles/gm 
tissue) 
Free SH gp 
(^ mole/gm 
tissue) 
Protein 
bound SH gp 
(|.i nnoles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
ACtiE 
()j. mole 
/min/mg 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
Control 
(20) 
7 911 
(± 116) 
1625 
(±011) 
6 286 
(±017) 
150 45 
(± 429) 
6 411 
(±0 201) 
1 225 
(±0 027) 
0 635 
(±0 016) 
1/2 
(10) 
7 894" 
(± 240) 
1 562^ 
(± 008) 
6 24" 
(±09) 
144 32^ 
(± 341) 
6 072^ 
(±0 106) 
0 972= 
(±014) 
0 639^ 
(± 027) 
1 
(10) 
7 518^ 
(± 249) 
1 530= 
(± 008) 
5 988= 
(±115) 
131 45= 
(± 327) 
5 546= 
(±0 070) 
0 927= 
(±017) 
0 614" 
(± 025) 
4 
(10) 
6 407= 
(±214) 
1 262= 
(± 024) 
5 145= 
(± 083) 
123 65^ 
(± 254) 
4 429= 
(±0 063) 
0 737= 
(±019) 
0 685" 
(± 024) 
* The number in parenthesis indicate the number of rats 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0 001, b p<0 01 
cp<0 05 in companson to controls 
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8 
• Reswlts & Discission 
Similar pattern of biochemical changes were recorded in 
tissues like brain, heart, liver, kidney and spleen. These alterations 
were significantly pronounced in brain, liver and spleen tissues when 
compared to their respective normal levels. 
C. Heat Stress: 
The levels of plasma histaminase, Cortisol, serum, GOT, 
GPT and LDH were significantly increased (p<.001) while the levels 
of plasma MAO and RBC AChE were significantly decreased (p<0,001) 
after heat stress as compared to their respective controls (Table 3,1, 
Fig. 25 and 26). The alteration in these parameters was gradual from 
one hour of stress to six hours, showing minimal change at 1 hour 
while maximum at 6 hours. 
A significant decrease (p<.001) in the levels of total, free 
and protein bound SH groups alongwith the decreased activities of 
SOD, GST and AChE were observed in all the tissues like brain, heart, 
liver, kidney and spleen (table 3.2-3.6, Fig. 27-36) whereas the 
activity of MAO was decreased significantly (p<0.01) during the 
initial period of stress of 1 and 2 hours, but after 4 and 6 hours the 
activity was increased less significantly (p<0.05) nearly in all the 
tissues as compared to the normal levels. 
Maximum alterations in the biochemical parameters were 
observed after 4 and 6 hours of heat stress and the trend of changes 
observed in tissues were similar with maximum alterations in brain, 
liver and spleen (table 3.2, 3.4 and 3.6). 
82 
-Tables 
Table 3 1 • Heat Stress Induced Changes in the 
Circulating Levels of Plasma MAO, Histaminase, 
Cortisol, RBC AChE, SCOT, SGPT and 
LDH in Rats (Mean ± SEM) 
Time Interval (Hours) 
RBC 
AChE 
(n moles/mirVmg 
protein x 10' ) 
MAO 
(P U/ml) 
Histaminase 
(P U/ml) 
Plasma 
Cortisol ((ig%) 
SCOT 
(1 U/ml) 
SGPT 
(1 U/ml) 
LDH 
(U/ml) 
Cortisol 
(20) 
3 635 
(±0 141) 
5 679 
(±172) 
14 174 
(±0 598) 
9 851 
(±0 571) 
12 416 
(±624 
12 66 
(±0 720) 
162 87 
(±4 370) 
1 
(10) 
3 136" 
(± 043) 
3 628= 
(±0*4) 
21 039= 
(± 559) 
12 966= 
(± 565) 
23 33= 
(±720 
22 83= 
(±0 410) 
484 42= 
(±9 131) 
2 
(10) 
2 887" 
(± 033) 
3 373= 
(± 077) 
27 46= 
(±0 521) 
14 015= 
(±611) 
30 66= 
(±0 430) 
30 33= 
(±0 576) 
604 66= 
(±3 156) 
4 
(10) 
2 478= 
(±0 061) 
2 839= 
(± 058) 
35 726= 
(±0 791) 
16 522= 
(± 625) 
39 66= 
(±0 688) 
42 33= 
(±0 300) 
619 66= 
(±5 329) 
6 
(10) 
1 81 = 
(±0 047) 
2 352= 
(± 065) 
40 569= 
(±0 456) 
17 815= 
(±731) 
52 00= 
(±0 975) 
47 66= 
(±0 975) 
669 83= 
(±2 098) 
*The number in parenthesis indicates the number of rats 
Abbreviations 'a' 'b' and 'c' indicate level of significance a p<0 001, b p<0 01, 
cp<0 05 in comparison to controls 
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Table 3.2 : Heat Stress Induced Changes in the Levels 
of Total, Free and Protein Bound SH gp, along with 
the Activities of GST, SOD, AChE and MAO 
in Rat Brain (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(ii moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
Protein 
bound SH gp 
(m moles/g 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
ACtiE 
(n mole 
/min/mg ^ 
protein x10 ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
C 
(20) 
19.161 
(±0.448) 
5.233 
(±0.102) 
13.928 
(±0.101) 
161.92 
(±0.342) 
6.281 
(±0.030) 
1.483 
(±0.099) 
1.26 
(±0.024) 
1 
(10) 
18.804^ 
(±.350) 
4.859^ 
(±157) 
13.745' 
(±0.141) 
155.85' 
(±0.367) 
5.70^ 
(±0.028) 
1.30r 
(±0.027) 
0.924' 
(±0.019) 
2 
(10) 
17.389' 
(±.534) 
4.551' 
(±.103) 
12.838' 
(±.103) 
149.66' 
(±0.318) 
4.871' 
(±0.033) 
1.002" 
(±0.036) 
0.958' 
(±.009) 
4 
(10) 
16.234' 
(±.526) 
4.547' 
(±.132) 
11.696' 
(±.090) 
139.47' 
(±0.175) 
3.465' 
(±0.020) 
0.868' 
(±0.040) 
1.143" 
(±.017) 
6 
(10) 
15.625' 
(±.455) 
4.373' 
(±.136) 
11.252' 
(±.101) 
131.44' 
(±0.335) 
2.935' 
(±0.030) 
0.777' 
(±0.029) 
1.293'= 
(±.052) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 3.3 : Heat Stress Induced Changes in the Levels of 
Total, Free and Protein Bound SH gp, along with the 
Activities of GST, SOD, AChE and MAO in 
the Tissues of Rat Brain (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
{\x moles/gm 
tissue) 
Free SH gp 
((1 mole/gm 
tissue) 
Protein 
bound SH gp 
(|.i moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/min/mg ^ 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
C 
(20) 
4.452 
(±.112) 
1.337 
(±0.10) 
3.315 
(±.058) 
128.08 
(±.262) 
5.733 
(±0.056) 
0.928 
(±0.086) 
0.924 
(±0.019) 
1 
(10) 
4.189^ 
(±.156) 
1.236^ 
(±.008) 
2.953^ 
(±0.14) 
123.81^ 
(±.211) 
5,541 = 
(±0.018) 
0.775^ 
(±0.013) 
0.805" 
(±.011) 
2 
(10) 
4.096^ 
(±.153) 
1.188= 
(±.022) 
2.908= 
(±.027) 
120.56= 
(±.314) 
4.966= 
(±.022) 
0.653= 
(±0.016) 
.8H= 
(±.012) 
4 
(10) 
3.903= 
(±.170) 
1.068= 
(±.025) 
2.895= 
(±.023) 
155.79= 
(±.342) 
3.690= 
(±.035) 
0.615= 
(±.027) 
.825" 
(±.021) 
6 
(10) 
3.733= 
(±.104) 
0.889= 
(±.018) 
2.844= 
(±.024) 
110.35= 
(±.244) 
3.255= 
(±.029) 
0.606= 
(±.011) 
.953^ 
(±012) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0,01 
cp<0.05 in comparison to controls.c c ) 
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Table 3.4 : Heat Stress Induced Changes in the Levels 
of Total, Free and Protein Bound SH gp, along with the 
Activities of GST SOD, AChE and MAO in 
the Tissues of Rat Liver (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(fi mole/gm 
tissue) 
Protein 
bound SH gp 
(i-i moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
{\x mole 
/min/mg g 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
C 
(20) 
8 451 
(± 301) 
1 524 
(±031) 
6 927 
(±031) 
178 35 
(± 341) 
9 20 
(± 336) 
1 3567 
(± 049) 
1 394 
(± 035) 
1 
(10) 
8 217^ 
(±301) 
1 422^ 
(±012) 
6 795^ 
(±0 35) 
166 80' 
(± 327) 
8 48^ 
(±331) 
1 211' 
(±015) 
1 281" 
(± 050) 
2 
(10) 
7 658= 
(± 308) 
1 284= 
(± 021) 
6 374= 
(± 037) 
154 80= 
(±310) 
7 892= 
(± 342) 
1 044= 
(± 021) 
1 225= 
(± 045) 
4 
(10) 
7 072= 
(±142) 
1 213= 
(±015) 
5 850= 
(±015) 
142 22= 
(± 336) 
6 884= 
(± 273) 
0 995= 
(± 022) 
1 338"^  
(±017) 
6 
(10) 
6 271= 
(± 123) 
1 155= 
(±012) 
5 116= 
(± 027) 
136 87= 
(±316) 
6 913= 
(± 265) 
886= 
(± 023) 
1 438"= 
(± 033) 
* The number in parenthesis indicate the number of rats 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0 001, b p<0 01 
cp<0 05 in comparison to controls 
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Table 3.5 : Heat Stress Induced Changes in the Levels 
of Total, Free and Protein Bound SH gp, along with 
the Activities of GST, SOD, AChE and MAO in 
the Tissues of Rat Kidney (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(|i mole/gm 
tissue) 
Protein 
bound SH gp 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
{[i mole 
/min/mg ^ 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
C 
(20) 
6.171 
(±•167) 
1.306 
(±.022) 
4.865 
(±.028) 
143.46 
(±.090) 
6.311 
(±.090) 
1.02 
(±017) 
0.703 
(±0.025) 
1 
(10) 
5.958" 
(±.146) 
1.196^ 
(±.010) 
4.764' 
(±0.32) 
139.09^ 
(±.103) 
5.805= 
(±.103) 
0.893= 
(±.011) 
0.70= 
(±.017) 
2 
(10) 
5.663= 
(±071) 
1.088= 
(±.013) 
4.572^ 
(±041) 
131.46= 
(±.074) 
5,045= 
(±.074) 
0.76= 
(±.021) 
0.647= 
(±.017) 
4 
(10) 
5.495= 
(±.086) 
1.049= 
(±.014) 
4.506^ 
(±.028) 
123.65= 
(±.083) 
4.432= 
(±.083) 
.682= 
(±.012) 
0.683" 
(±.015) 
6 
(10) 
5.481 = 
(±053) 
0.079= 
(±.013) 
4.446' 
(±.035) 
118.04= 
(±.082) 
6.913= 
(±.082) 
0.644= 
(±0.028) 
0.713^ ^ 
(±.023) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01. 
cp<0.05 in comparison to controlS(^ C 
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Table 3.6 : Heat Stress Induced Changes in the Levels 
of Total, Free and Protein Bound SH gp, along with 
the Activities of GST SOD, AChE and MAO in 
the Tissues of Rat Spleen (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(M- moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
Protein 
bound SH gp 
{\x moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(|j, mole 
/min/mg 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
C 
(20) 
7.911 
(±.166) 
1.625 
(±.011) 
6.286 
(±.107) 
150.45 
(±.429) 
6.411 
(±0.101) 
1.225 
(±0.027) 
0.635 
(±0.016) 
1 
(10) 
7.696" 
(±.107) 
1.508^ 
(±.014) 
6.188^ 
(±.135) 
139.69^ 
(±.354) 
5.685= 
(±.091) 
0.928= 
(±.012) 
0.586= 
(±.016) 
2 
(10) 
7.529" 
(±.158) 
1,495" 
(±.017) 
6.034= 
(±.094) 
136.47= 
(±.330) 
4.496= 
(±.110) 
0.84= 
(±.010) 
0.571 = 
(±.021) 
4 
(10) 
6.511" 
(±.087) 
1.399" 
(±.014) 
5.112= 
(±.082) 
129.08= 
(±.345) 
3.909= 
(±.124) 
0.696= 
(±.010) 
0.596" 
(±.026) 
6 
(10) 
6.387" 
(±.086) 
1.260" 
(±.013) 
5.106= 
(±086) 
121.66= 
(±.273) 
3.012= 
(±.074) 
0.646= 
(±0.17) 
0.677'= 
(±.026) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controlsr c ^ 
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• Reswits & Discwssioi^ 
Fear Stress: 
A significant increase (p<.001) in the levels of serum GOT, 
GPT and LDH was observed along with the increased level of plasma 
histaminase and Cortisol, while the levels of plasma MAO and RBC 
AChE were significantly decreased (p<0.001). The changes in these 
parameters were gradual with duration of stress (table 4.1, Fig.37 
and 38). 
A significant decrease (p<.001) in the levels of total, free 
and protein bound SH group along with the decreased activities of 
SOD, GST and AChE was observed during stress (Table 4.2-4.6, Fig. 
39-48). The activity of MAO was significantly decreased (p<.01) after 
3 hours of fear stress but increase less significantly. (p<0.05) after 6 
hours as compared to the normal level (Table 4.2-4.6). The trend of 
biochemical changes recorded in various tissues like brain, heart, 
liver kidney and spleen were similar. 
Effect of treatment with the combination of Vit C and Vit E during 
different stresses: 
(A) Restraint Stress: 
In the pre-vitamin stressed rats a significant decrease 
(p<.01) in the circulating levels of histaminase, Cortisol, serum GOT, 
GPT and LDH was observed when compared to their respective 
levels from the restraint stressed rats considered as controls in this 
study. The level of plasma MAO increased significantly (p<.01) 
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Table 4 1 • Fear Psychosis in the Rats Induced Changes in 
the Activities of RBC AChE, Plasma MAO, Histaminase, 
Cortisol SCOT, SGPT and LDH(Mean ± SEM) 
Time Interval (Hours) 
RBC 
AChE 
.5 (n moles/min/mg protein x 10 ) 
MAO 
(P U/ml) 
Histaminase 
(P U/ml) 
Plasma 
Cortisol {^g%) 
SGOT 
(1 U/ml) 
SGPT 
(I U/ml) 
LDH 
(U/ml) 
Normal 
Cortisol 
(20) 
3 635 
(±0 141) 
5 679 
(±172) 
14 174 
(±0 598) 
9 851 
(±0 571) 
12 416 
(±0 624) 
12 66 
(±0 720) 
162 87 
(±4 37) 
3 
(10) 
2 510^ 
(±0 061) 
3 357^ 
(± 072) 
25 224= 
(±0 466) 
14 761=" 
(± 726) 
30 166= 
(±0 581) 
29 33= 
(±0 723) 
410166= 
(±4 597) 
6 
(10) 
1 743= 
(±0 037) 
2 737= 
(± 067) 
37 028= 
(±0 868) 
19 955= 
(±731) 
54 00= 
(±0 881) 
42 66= 
(±0 698) 
555 167= 
(±9 415) 
The number in parenthesis indicates the number of rats 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0 001, b p<0 01 
cp<0 05 in comparison to controls 
30 3 0 12 - 12 
. -
2 0 ' 2 0 
o 
o 10 f 
3 
a. 
o 
10 ^ ^ 
o 
6 
UJ 
4 ^ 
0 - J - 0 Jo-
L i s t o m i n a s e 
St; 
; 
/ 
i c o r t i s o t 
V 
J_ - L 
C 3 6 
T i m t d u r a t i o n ( H o u r s ) 
Fig. 37 Changes in the circulating levels of RBC AChE, Plasma MAO, 
histaminase and Cortisol in rats after fear stress. 
600- 60 
AOO-^'O - AO 
60 
E -
Zi 
X 
Q 
2 0 0 -
E 
3 
O 
o 
2 0 
-1 O-JQ 
20 
V / , ^ S G P T 
> / ' 
-L ±. 
_L 
C 3 6 
l i m e d u r o t I o n ( H o u r s ) 
Fig. 38 Alterations in the serum levels of GOT, GPT, and LDH in rati, after fear 
stress. 
97 
-Tables 
Table 4.2: Fear Stress Induced Changeson the Levels of 
Total, Free and Protein Bound SH gp and the 
Activities of GST, SOD, AChE and MAO, 
in Rat Brain (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
iii mole/gm 
tissue) 
Protein 
bound SH gp 
(ix moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(^ mole 
/min/mg _ 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
C 
(20) 
19.161 
(±.448) 
5.233 
(±0.102) 
13.928 
(±0.101) 
161.92 
(±.342) 
6.281 
(±1.85) 
1.483 
(±0.099) 
1.26 
(±0.024) 
1 
(10) 
15.863' 
(±.514) 
4.810' 
(±.067) 
11.053" 
(±.093) 
142.85' 
(±.483) 
5.015' 
(±.027) 
1.047' 
(±0.040) 
0.988" 
(±.026) 
4 
(10) 
15.00' 
(±.481) 
4.242' 
(±.078) 
10.758' 
(±.076) 
139.09' 
(±.304) 
4.166' 
(±.036) 
1.007' 
(±0.041) 
1.281^ 
(±.040) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 4.3 : Fear Psychosis Induced Changeson the Levels of 
Total Free, and Protein Bound SH gp and Changes in the 
Activities of GST, SOD, AChE and MAO, 
in Rat Heart (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(^ mole/gm 
tissue) 
Protein 
bound SH gp 
(^ moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/min/mg 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
c 
(20) 
4.452 
(±.112) 
1.337 
(±.010) 
3.315 
(±.058) 
128.08 
(±.262) 
5.733 
(±0.056) 
0.928 
(±0.086) 
0.924 
(±0.019) 
1 
(10) 
4.105^ 
(±.160) 
1.184" 
(±.027) 
2.919= 
(±.032) 
121.56= 
(±.280) 
4.95= 
(±.026) 
0.595= 
(±.017) 
0.817" 
(±.017) 
4 
(10) 
4.079= 
(±166) 
1.092= 
(±.010) 
2.216= 
(±.036) 
108.08= 
(±.302) 
3.991 = 
(±.029) 
0.572= 
(±.014) 
0.916' 
(±.012) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls.c c ^  , 
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Table 4.4 : Fear Psychosis Induced Changeson the Levels of 
Total, Free, and Protein Bound SH gp and Changes in the 
Activities of GST, SOD, AChE and MAO, 
in Rat Liver (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(^ moles/gm 
tissue) 
Free SH gp 
{\i mole/gm 
tissue) 
Protein 
bound SH gp 
((X moles/g 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(|j, mole 
/min/mg _ 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
C 
(20) 
8.451 
(±.301) 
1.524 
(±.031) 
6.927 
(±.031) 
178.35 
(±.341) 
9.201 
(±.336) 
1.356 
(±.049) 
1.394 
(±.035) 
1 
(10) 
5.473» 
(±.136) 
1.322^ 
(±.026) 
6.151' 
(±.026) 
151.35^ 
(±.447) 
6.880' 
(±.032) 
1.071' 
(±.023) 
1.207" 
(±.017) 
4 
(10) 
5.305' 
(±.120) 
1.175' 
(±.027) 
6.13' 
(±027) 
144.08' 
(±.193) 
4.852' 
(±.026) 
0.998' 
(±.016) 
1.274^ 
(±023) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Table 4.5: Fear Psychosis Induced Changes on the Levels of 
Total Free, and Protein Bound SH gp and Changes in the 
Activities of GST, SOD, AChE and MAO, 
in Rat Kidney (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(^ moies/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
Protein 
twurxl SH gp 
((J. moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/min/mg ^ 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
c 
(20) 
6.171 
(±.167) 
1.306 
(±.011) 
4.865 
(±.018) 
143.46 
(±0.195) 
6.311 
(±.090) 
1.02 
(±.0.28) 
0.703 
(±0.025) 
1 
(10) 
5.626' 
(±.098) 
0.982' 
(±.013) 
4.644' 
(±.23) 
131.66' 
(±.248) 
5.731' 
(±.037) 
0.854' 
(±.024) 
0.653" 
(±017) 
4 
(10) 
5.45^ 
(±.064) 
0.977' 
(±.011) 
4.473' 
(±.022) 
124.51' 
(±.293) 
4.905' 
(±.024) 
0.734' 
(±.016) 
0.690"= 
(±.020) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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Fig. 45 Alterations in the levels of sulfhydryl groups (total, free and protein 
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Table 4.6 : Fear Psychosis Induced Changeson the Levels of 
Total, Free, and Protein Bound SH gp and Changes in the 
Activities of GST, SOD, AChE and MAO, 
in Rat Spleen (Mean ± SEM) 
Time Interval (Hours) 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
Protein 
lx)und SH gp 
(^ i moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(|i mole 
/min/mg 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
/min/mg protein) 
c 
(20) 
7.911 
(±.116) 
1.625 
(±.011) 
6.286 
(±107) 
150.45 
(±.429) 
6.411 
(±0.101) 
1.225 
(±0.027) 
0.635 
(±0.016) 
1 
(10) 
7.374' 
(±.190) 
1.359' 
(±.013) 
6.015' 
(±.025) 
138.85' 
(±.272) 
5.233' 
(±.035) 
0.74' 
(±.011) 
0.550" 
(±.023) 
4 
(10) 
7.219' 
(±.183) 
1.293' 
(±.013) 
5.926' 
(±.026) 
129.05' 
(±.314) 
4.166' 
(±.014) 
0.638' 
(±.017) 
0.596'= 
(±.014) 
* The number in parenthesis indicate the number of rats. 
Abbreviations 'a', 'b' and 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to controls. 
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whereas the activity of RBC AChE increased less significantly (p<.05) 
in pre-vitamin stress treated rats in comparison to restraint stressed 
rats without vitamin treatment (Table 5.1, Fig. 49,50). 
In the post-vitamin stress treated rats, a significant 
decrease (p<.001) in the levels of plasma histaminase, Cortisol, 
serum GOT, GPT and LDH was observed while the levels of plasma 
MAO and the activity of RBC AChE were significantly increased 
(p<.001) as compared to their respective levels from the restraint 
stressed rats. When compared to the normal rats, the levels of plasma 
histaminase, Cortisol, serum GOT, GPT and LDH were significantly 
increased (p<.001) both in 12 and 24 hours of post-vitamin stressed 
rats while the level of plasma MAO and activity of RBC AChE were 
significantly decreased (p<.001) (Table 5.1, Fig. 49,50). 
In the tissues of pre-vitamin stressed rats; a significant 
increase (p<.001) in the levels of total, free and protein bound 
sulfhydryl groups was observed along with the increased activities of 
SOD, GST and AChE while less significant increase (p<.05) in the 
activity of MAO was seen when compared to their respective levels 
from the restraint stressed rats without treatment. The pretreatment 
with vitamins resulted in reduced alteration of biochemical 
parameters than the vitamin untreated stressed rats. When these rats 
were exposed to stress, the pattern of changes observed in various 
tissues of brain, heart, liver, kidney and spleen of the vitamin treated 
stressed rats were similar. 
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Table 5.1 :Effect of Treatment with Vitamin C and Vitamin E on 
the Activities of RBC AChE, Plasma MAO, Histaminase, 
SGOT SGPT and LDH During Chronic Restraint 
Stress in Rats (± SEM) 
Normal Control Treatment with Vit-C and VH-E 
Rats (20) Stress treated (20)* Pretreatment (20)* Post treatment (20)* 
12h 24h 12h 24h 12h 24h 
RBC 3.635 
AChE (±.141) 
(n moles/min 
/mg protein X 10"*) 
MAO 
(P.U/ml) 
Histam-
inase 
(P.U/ml) 
Plasma 
Cortisol 
(^%) 
5.679 
(±172) 
14.174 
(±.5.89) 
9.851 
(±571) 
2.141 
(±0.05) 
2.512 
(±.0.63) 
38.42 
(±.627) 
18.433 
(±.591) 
1.912 
(±0.031) 
2.950 
(±.092) 
39.32 
(±.753) 
20.015 
(±.619) 
2.275«* 
(±05) 
2.809'«" 
(±.072) 
33.104'^* 
(±0.631) 
15.681 "»• 
(±.621) 
1.962«* 
(±0.033) 
3.11"'* 
(±.082) 
33.934'»" 
(±0.726) 
17.44'»* 
(±.722) 
3.11"'* 
(±.029) 
4.368»" 
(±.0.84) 
20.262'^' 
(±0.585) 
11.335«* 
(±.566) 
3.142"'* 
(0.076) 
4.854»''* 
(±.141) 
16.681" 
(±.796) 
12.941"' 
(±.615) 
SGOT 12.66 49.33 52.833 44.15'»' 48.195'«" 24.58«' 27.351^' 
(l/U/ml) (±.624) (±.904) (±1.112) (±4.641) (±.066) (±.866) (±.834) 
SGPT 12.66 50.166 33.5 47.35'«' 31.095'='* 26.95'«* 20.05''* 
(I.U.ml) (±.72) (±.852) (±0.513) (±.721) (±.405) (±.636) (±521) 
LDH 162.87 694.40 805.00 622.45'«* 725.65'«* 241.25''* 291.66"* 
(U/ml) (±4.531 (±4.531 (±5.277 (±3.725 (±4.061) (±.6.35) (±6.025) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 5.2 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free, & Protein 
Bound SHgp, GST, SOD. AChE and MAO in the 
Tissues of Rat BrainDuring Chronic 
Restraint Stress (± SEM) 
Normal 
Rats (20) 
Control 
Stress treated (20)* 
12h 24h 
Treatment with Vit-C and Vrt-E 
Pretreatment (20)* Post treatment (20)* 
12h 24h 12h 24h 
Total SH gp 
(\i moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
19 161 
(+ 448) 
5 233 
(± 102) 
Protein 13 928 
bound SHgp (+101) 
(H moles/gm 
tissues) 
14 125 
(± 425) 
4 373 
(+0 103) 
9 752 
(± 072) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
((0, mole 
/min/mg 
protein x10" ) 
161 92 131 45 
(±2 022) (±2 037) 
6 281 
(±185) 
1483 
(+ 099) 
MAO 1 26 
(n moles (± 024) 
benzaldehyde 
/min/mg protein) 
0 73 
(±0 032) 
1272 
(± 059) 
13 35 15 695'«" 16 915'"" 
(±0 371) (±387) (±0 083) 
3 597 4 966'«" 4 263'«" 
(±0 037) (±0 030) (+0 030) 
9 393 10 629'"'" 10 662""' 
(±0 087) (±0 153) (±107) 
128 08 132 44"^' 129 99"^ " 
(±1 758) (± 253) (±0 334) 
1 975 1 865 
(±0 238) (±0 040) 
0 623 
(±0 024) 
1300 
(± 038) 
2 015'='* 
(± 036) 
0 977""" 
(±0 031) 
1299°=" 
(± 030) 
1 911"^' 
(± 029) 
0 691""* 
(± 033) 
1 369'="* 
(± 016) 
18 622'"" 18 916*" 
(± 104) (± 090) 
5 19'"" 5 112'"" 
(±0 12) (±0 030) 
13 634'"" 13 804'"" 
(± 030) (± 020) 
156 66"" 160 50'"" 
(±0 407) (±0 311) 
5 836'"* 5 905"" 
(±0 040) (± 032) 
1 466'"" 1 487'^" 
(±076) (±059) 
1 244"=" 1 257"=' 
(±014) (±0 024) 
Abbreviation 'a', 'b', 'c' Indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in companson to normal rats. 
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Table 5.3 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free, & Protein 
Bound SHgp, GST, SOD, AChE and MAO in the 
Tissues of Rat Heart During Chronic 
Restraint Stress (± SEM) 
«r 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
{\i mole/gm 
tissue) 
Protein SH 
bound SH gp 
(m moles/g 
tissues) 
GST 
(n moles 
/mm/mg 
protein) 
SOD 
(U/mg) 
AChE 
{(1 mole 
/mm/mg ^ 
protein x10' 
Normal 
Rats (20) 
4 452 
(+ 112) 
1337 
(±010) 
3 315 
(± 058) 
128 08 
(± 262) 
5.733 
(± 223) 
0 928 
(± 086) 
) 
MAO 0 924 
(n moles (±019) 
benzaldehyde 
/mm/mg proteimn) 
Control 
Stress treated (20)* 
12h 24h 
3 724 
(+264) 
1 022 
(± 103) 
2 764 
(± 042) 
102 79 
(±42) 
3 825 
(± 094) 
0618 
(±0 024) 
0 964 
(±013) 
3 633 
(+ 104) 
0 869 
(±010) 
2 702 
(± 058) 
98 35 
(± 260) 
3 66 
(±103) 
0 609 
(± 025) 
0 985 
(±018) 
Treatment with ' 
Pretreatment (20)* 
12h 24h 
3 816*"' 
(+ 022) 
1 165"'* 
(±012) 
2 911""* 
(±102) 
115 39"^" 
(± 253) 
4 025""* 
(±0 034) 
0 648"^* 
(± 003) 
1 025'=''* 
(+016) 
3 961"^" 
(±031) 
0 996"** 
(+014) 
2 965""* 
(±091) 
111 06''* 
(± 276) 
3 695"** 
(±0 043) 
0 611ca-
(±0 012) 
1 066="* 
(±017) 
^it-C and Vit-E 
Post treatment (20)' 
12h 24h 
4 835*" 
(± 077) 
1 297""* 
(± 017) 
3 088""* 
(±061) 
130 05'"* 
(±210) 
5 611""* 
(± 034) 
0 875""* 
(+ 025) 
912"* 
(±0 021) 
4 441** 
(±096) 
1 315""* 
(±015) 
3 126""* 
(± 067) 
129 12'"* 
(± 246) 
5 701«' 
(± 033) 
0 917""" 
(±0 021) 
0 882*"* 
(±0 024) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0 001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 5.4 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total, Free, & Protein 
Bound SHgp, GST, SOD, AChE and MAO in the 
Tissues of Rat Liver During Chronic 
Restraint Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment with Vit-C and Vit-E 
Pretreatment (20)* Post treatment (20)^ 
12h 24h 12h 24h 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(^ moie/gm 
tissue) 
Protein 
bound SH gp 
(^ moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(\i mole 
/min/mg 
protein x10' ) 
8.451 
(±.301) 
1524 
(+013) 
6.927 
(±031) 
178 35 
(±.341) 
9 20 
(± 336) 
1356 
(± 049) 
1 
MAO 1.394 
(n moles (± 035) 
benzaldehyde 
/min/mg protein) 
6.730 
(±.055) 
1213 
(±014) 
5 517 
(±110) 
142 22 
(±.286) 
7.123 
(± 188) 
0.928 
(± 204) 
1.404 
(± 023) 
6.257 
(±.062) 
1 150 
(± 007) 
5.107 
(±.078) 
136 87 
(± 655) 
6.16 
(±231) 
0.909 
(±018) 
1.465 
(±031) 
6.837'"'' 
(±.273) 
1.266'"' 
(± 016) 
(± 040) 
143 65'"' 
(±.325) 
7.656'«' 
(± 098) 
1 009'"* 
(+ 022) 
1.386"' 
(± 029) 
6 981'"" 
(±.162) 
1.441'*' 
(±011) 
5.84'"' 
(±.037) 
137 55'"* 
(±.230) 
6.803'"* 
(±.099) 
0.975""' 
(± 047) 
1.480"=''* 
(+ 034) 
8.99'"" 
(±.286) 
1.519'** 
(± 017) 
6.88'*' 
(± 050) 
174 44="' 
(±.419) 
8 821'"* 
(±119) 
1 266""' 
(± 022) 
1.399'="=* 
(±013) 
8.501"^' 
(±.310) 
1.522""' 
(±021) 
6.979'"' 
(± 027) 
176 95' ' 
(±•413) 
9.117'"' 
(± 108) 
1 341""* 
(± 028) 
1.385""=* 
(+019) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 5.5 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free, & Protein 
Bound SHgp, GST, SOD, AChE and MAO In the 
Tissues of Rat Kidney During Chronic 
Restraint Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment wrth Vrt-C and Vrt-E 
Pretreatment (20)* Post treatment (20)* 
12h 24h 12h 24h 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(fi mole/gm 
tissue) 
Protein 
bound SH gp 
([i moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(fx mole 
/min/mg 
protein x10" ) 
6 171 
(+ 167) 
1 306 
(±011) 
4 865 
(±018) 
143 46 
(± 195) 
6 311 
(± 090) 
1 02 
(+ 028) 
MAO 0 703 
(n moles (± 025) 
benzaldehyde 
/min/mg protein) 
5 476 
(± 044) 
985 
(±010) 
4 491 
(± 024) 
127 21 
(±183) 
3 84 
(± 114) 
0 709 
(+ 019) 
0 795 
(±0 18) 
5 433 
(±051) 
966 
(+ 009) 
4 467 
(± 027) 
123 65 
(± 160) 
2 611 
(± 099) 
0 706 
(±018) 
0 753 
(±015) 
5 571'"* 
(± 029) 
1 021 •«* 
(±015) 
4 55"** 
(± 033) 
128 99'«* 
(±0 335) 
3 950'«' 
(± 098) 
0 791'"* 
(±0 081) 
0 800'^ ''* 
(±0 022) 
5 709'«" 
(± 020) 
0 997'=''' 
(± 014) 
4 968""* 
(+ 033) 
127 05"** 
(± 204) 
2 851"** 
(± 120) 
0 898"** 
(±0 020) 
0 966""** 
(±0 033) 
5 695""* 
(± 034) 
1 299"** 
(± 017) 
4 66""* 
(± 016) 
139 85"=* 
(± 185) 
6.22*"* 
(± 074) 
0 914"** 
(±0 033) 
0 699""* 
(±0 035) 
6 065""* 
(±013) 
1 310""* 
(±019) 
4 755""* 
(±022) 
141 66*"* 
(± 182) 
6 299*"" 
(± 066) 
0 947""* 
(±0 040) 
0 709"* 
(±0 031) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 5.6 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free & Protein 
Bound SHgp, GST SOD, AChE and MAO in the 
Tissues of Rat Spleen During Chronic 
Restraint Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment with Vit-C and Vrt-E 
Pretreatment (20)* Post treatment (20)* 
12h 24h 12h 24h 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(ji mole/gm 
tissue) 
7 911 7 088 6 971 
(±116) (+132) (+128) 
1625 
(±011) 
Protein 6 286 
bound SHgp (±107) 
(H moles/gm 
tissues) 
1 361 1 205 
(+ 009) (±012) 
5 827 5 766 
(+ 009) (± 120) 
7 204'"" 7 603'«" 8 031^"* 7 966'*'' 
(±130) (+150) (±105) (±092) 
1 398"* 1 297'«* 
(±018) (±014) 
1 66""' 1 595«"'" 
(±012) (±011) 
5 861'='* 5 986""* 6 371'** 6 307"** 
(±157) (±140) (±019) (±040) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(^ mole 
/min/mg 
protein xlO" ) 
MAO 0 635 
(n moles (+ 016) 
benzaldehyde 
/min/mg protein) 
150 45 12158 118 04 
(±429) (±519) (±551) 
6 411 
(±101) 
1225 
(± 027) 
3 325 1 975 
(+0 131) (±117) 
0 727 0 725 
(±016) (±0 026) 
0 625 0 635 
(+ 023) (± 029) 
128 33'"' 126 99'"* 148 25'"* 149 08'"* 
(±256) (±295) (±346) (±276) 
3 415'»* 2 633*"* 6 341'"* 6 299'"* 
(±0 036) (±0 017) (±0 117) (±103) 
0 861"'* 0 755'='* 1188"'* 1231""* 
(±0 020) (+0 015) (±0 035) (±0 032) 
0 691'='=* 0 760""* 0 601"='=* 0 600"* 
(+0 023) (±0 030) (+0 034) (±0 033) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0 05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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In post-vitamin stressed rats, a significant increase 
(p<.001) in the levels of total, free and protein bound sulfhydryl groups 
was observed in the tissues of brain, heart, liver, kidney and spleen, 
along W\ih the increased ( p<.001) activities of SOD, GST, AChE and 
MAO when compared to their respective levels from restraint stressed 
rats without vitamin treatment (Table 5.4-5.6). 
The alteration in the biochemical parameters of vitamin 
treated stressed rats was less marked than the untreated stressed 
rats when both were compared with normal rats. 
SWIMMING STRESS 
In the pre-vitamin stressed rats, the level of plasma MAO 
and the activity of RBC AChE was significantly increased (p<.01) 
whereas a significant decrease (p<.01) in the levels of plasma 
histaminase, Cortisol, serum GOT, GPT and LDH was observed when 
compared to their swimming stressed non-vitamin treated rats taken 
as control. 
In the post-vitamin stressed rats, the level of plasma MAO 
and RBC AChE were significantly increased (p<.001) whereas, the 
levels of plasma histaminase, Cortisol, GOT, GPT and LDH were sig-
nificantly decreased (p<.01), when compared with their respective 
levels from the swimming stressed rats (Table 6.1, Fig. 51-52). 
A significant increase (p<.01) in the levels of total, free 
and protein bound sulhydryl groups, GST, SOD, AChE and less 
significantly increased (p<.05) MAO activity were observed in the 
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Table 6.1 :Effect of Treatment with Vitamin C and Vitamin E on 
the Activities of RBC AChE, Plasma MAO, HIstaminase, 
SGOT, SGPT and LDH During Swimming 
Stress in Animals (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
RBC 
AChE 
3.635 
(±.141) 
2.981 
(±.031) 
(n moles/min/mg 
protein X 10' ) 
2.328 
(±.045) 
Treatment with Vit-C and Vit-E 
Pretreatment (20)* Post treatment (20)* 
12h 24h 12h 24h 
3.066'"* 
(±04) 
2.933'^' 
(±.039) 
3.241 •«• 
(±.053) (±.098) 
MAO 5.679 3.725 3.026 
(P.U/ml) (±172) (±.066) (±.039) 
Histam- 14.174 29.681 38.685 
inase (±.5.89) (±.568) (±.55) 
(P.U/ml) 
Plasma 9.851 13.055 15.312 
Cortisol (±.571) (±.620) (±.619) 
(^ %) 
3.782'"'" 
(±.062) 
25.258'«* 
(±0.249) 
11.791*' 
(±.621) 
3.155'"'* 
(±.08) 
26.716^-
(±.580) 
13.055""* 
(±.498) 
4.927"^ * 
(±.134) 
19.118** 
(±0.585) 
10.011^* 
(±.610) 
5.216="'* 
(±.091) 
17.528''"" 
(±.796) 
10.931^ 
(±571) 
SGOT 12.416 27.166 42.166 26.015'"* 38.466="'* 19.215'"* 21.95^"* ( I . U 
ml) (±0.624) (±0.370) (±1.035) (±.412) (±.912) (±.366) (±.814) 
SGPT 12.66 33.5 36.33 30.36"** 33.981"^* 20.09"* 22.15"* 
(I.U/ml) (±.720) (±0.574) (±0.629) (±.399) (±0.706) (±.461) (±0.611) 
LDH 162.87 405.33 614.66 366.45""* 561.52"** 241.25'"* 280.65'"* 
(U/ml) (±4.370) (±4.617) (±5.729) (±5.012) (±4.714) (±.4.561) (±6.075) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 6.2 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free & Protein Bound 
SH gp, Alongwith the Activities of GST SOD, 
AChEand MAO in the Rat Brain During 
Swimming Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment with Vit-C and Vit-E 
Pretreatment (20)* Post treatment (20^* 
12h 24h 12h 24h 
Total SH gp 
{^i moles/gm 
tissue) 
Free SH gp 
(fi mole/gm 
tissue) 
19 161 
(+ 448) 
5 233 
(± 102) 
Protein 13 928 
bound SHgp (±101) 
(H moles/gm 
tissues) 
GST 161 92 
(n moles (± 342) 
/min/mg 
protein) 
SOD 6 281 
(U/mg) (±0 185) 
AChE 1483 
(H mole (± 099) 
/mm/mg 
protein x10" ) 
MAO 1 26 
(n moles (± 024) 
benzafdehyde 
/min/mg protein) 
16 86 
(+ 907) 
5 055 
(+ 132) 
11805 
(± 157) 
139 66 
(± 233) 
4 31 
(± 079) 
1 08 
(+ 030) 
0 946 
(+021) 
15 351 
(± 540) 
4 330 
(±106) 
10 421 
(± 140) 
126 87 
(± 254) 
3 078 
(±100) 
0 827 
(±031) 
1248 
(±019) 
16 995"="* 16 431'"'' 20 011^ "' 19 501'"' 
(+029) (±039) (±288) (±227) 
5 098"' 4 922'«" 
(±0 045) (±0 036) 
5131""" 5 055""' 
(±0 029) (±0 032) 
11 981 ""• 10 925""* 15 006'"* 14 496'"* 
(±0 177) (±0 156) (±0 187) (±0 138) 
14133""* 130 35""* 159 66"* 160 88''* 
(±303) (±350) (±157) (±276) 
4 451""* 
(± 078) 
1 112""* 
(±0 033) 
3 255"** 6 099'"* 5 931'"* 
(±099) (±0 077) (±150) 
0 931"'* 1360"' 1297"* 
(±0 020) (±0 037) (±0 052) 
0 974** 1 266°=* 0 907""* 1 055""* 
(±0 034) (±0 022) (±0 019) (±0 031) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', *b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 6.3 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free & Protein Bound 
SH gp, Alongwith the Activities of GST, SOD, 
AChEand MAO in the Rat Heart During 
Swimming Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment with Vrt-C and Vit-E 
Pretreatment (20)* Post treatment (20|* 
12h 24h 12h 24h 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(|i mole/gm 
tissue) 
4 452 
(± 112) 
10337 
(±0102) 
4 244 
(± 148) 
1 157 
(+ 114) 
4 027 
(± 167) 
1 085 
(± 020) 
4 265*' 
(± 033) 
1 183"="' 
(±011) 
4 091** 
(± 106) 
1 089*" 
(±017) 
4 343""* 
(±0 35) 
1 266""* 
(± 020) 
4 315'"* 
(± 032) 
1 297""" 
(±014) 
Protein 03 3105 3 05 2 947 3 072*' 2 966'="' 3 079*' 3 020""' 
bound SHgp (±058) (±077) (±061) (±077) (±066) (±049) (±066) 
( \i moles/gm 
tissues) 
5 733 4 971 
(±0 228) (±021) 
GST 128 08 119 79 
(n moles (±262) (±138) 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 0 928 0 678 
(H mole (±086) (+014) 
/mm/mg 
protein x10' ) 
MAO 0 924 0 814 
(n moles (±019) (±020) 
benzaldehyde 
/min/mg protein) 
110 74 
(± 160) 
3 866 
(±021) 
0 529 
(± 020) 
0 967 
(± 014) 
120 05"^* 114 33"^* 126 95'"" 127 05'"" 
(±206) (±273) (±255) (±283) 
5 028*' 4 037"^* 5 637'"* 5 812'"* 
(±150) (±130) (±08) (±20) 
0 842""* 0 750"'* 0 923'"* 0 887'"* 
(±020) (±024) (±030) (±0 037) 
cb 0 825 
(±031) 
Cb 0 998 
(± 025) 
,cb ,cb 807^" 900" 
(±027) (±031) 
Abbreviation 'a', 'b', *c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control 
Abbreviation *a*', 'b*', 'c*' Indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats 
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Table 6.4 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free & Protein Bound 
SH gp, Alongwith the Activities of GST, SOD, 
AChEand MAO in the Rat Liver During 
Swimming Stress (± SEM) 
Total SH gp 
(\x moles/gm 
tissue) 
Free SH gp 
(^ mole/gm 
tissue) 
Protein 
bound SH gp 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
{\i mole 
/min/mg 
protein x10" ] 
MAO 
(n moles 
benzaldehyde 
Normal 
Rats (20) 
3 451 
(± 112) 
1 524 
(±013) 
6 927 
(±031) 
178 35 
(±341) 
9 20 
(+ 336) 
1 356 
(± 049) 
1 
1394 
(± 035) 
/min/mg protein) 
Control 
Stress treated (20)* 
12h 24h 
7 839 
(± 204) 
1299 
(± 014) 
6 54 
(+061) 
153 62 
(± 384) 
6 165 
(+ 248) 
1 167 
(± 025) 
1239 
(+ 020) 
7 289 
(±104) 
1 197 
(±018) 
6 092 
(± 036) 
139 47 
(± 352) 
5 525 
(± 146) 
0 984 
(±015) 
131 
(± 020) 
Treatment with Vit-C and Vrt-E 
Pretreatment (20)* 
12h 24h 
7 991'«" 
(± 335) 
1 375'«* 
(±015) 
6 621'" ' 
(± 044) 
155 99'«* 
(± 326) 
6 267'«* 
(±24) 
1 242*"* 
(± 020) 
1 267*" 
(+ 022) 
7 366'«* 
(±216) 
1 205''=" 
(±018) 
6 366'«* 
(± 062) 
146 07^"' 
(± 326) 
5 879'«* 
(±24) 
0 988"='" 
(± 025) 
1 ser"" 
(± 075) 
Post treatment (20^ 
12h 24h 
8 255'«" 
(± 207) 
1 519""* 
(± 020) 
6 740""" 
(± 036) 
177 45^"" 
(± 248) 
8 795'"* 
(±53) 
1 301""" 
(± 044) 
1 206'^ "" 
(± 037) 
8 074"^" 
(± 112) 
1 497""" 
(±014) 
6 580""" 
(± 032) 
175 09^" 
(± 394) 
8 468^"* 
(± 335) 
1 293'"* 
(± 029) 
1 293""" 
(± 027) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0 05 in comparison to normal rats 
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Table 6.5 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free & Protein Bound 
SH gp, Alongwith the Activities of GST, SOD, 
AChEand MAO in the Rat Kidney During 
Swimming Stress (± SEM) 
Normal 
Rats (20) 
Control 
Stress treated (20)* 
12h 24h 
Treatment with Vit-C and Vrt-E 
Pretreatment (20)* Post treatment (20^ 
12h 24h 12h 24h 
Total SH gp 
()i moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
6171 5 864 5 671 
(±167) (±010) (±064) 
1 306 1 096 1 003 
(+011) (±008) (±012) 
Protein 4 865 
bound SHgp (±018) 
(n moles/gm 
tissues) 
GST 
(n moles 
/mm/mg 
protein) 
SOD 
(U/mg) 
5 978'«'* 5 879'»" 6 049'«" 5 998^"" 
(±23) (±24) (±028) (±18) 
1 114'«* 1 OSe^"" 1 285'"'" 1 261 •*• 
(± 041) (±47) (±061) (±108) 
4 768 4 668 4 969*^* 4 928""* 4 998'"* 5 087**' 
(±022) (±025) (±13) (±10) (±08) (±11) 
143 46 129 09 120 56 
(±195) (±341) (±206) 
6 311 5 026 3 224 
(±090) (±104) (±115) 
132 55"^ " 127 04"^ * 142 66'"* 140 95=""' 
(±0 344) (±0 312) (±0 244) (±0 268) 
5 120"** 3 278""* 6 239'"* 5 912** 
(±0 660) (±0 78) (±0 96) (±1 20) 
AChE 
([I mole 
/min/mg 
protein xlO' ) 
1 02 0 887 0 753 0 956"^* 
(±028) (±015) (±026) (±0 025) 
0 918"»* 1009""* 0 998""* 
(±0 025) (±0 052) (±0 041) 
MAO 0 703 
(n moles (± 025) 
benzaldehyde 
/min/mg protein) 
0 658 0 762 
(±017) (±017) 
0 681"="* 0 798** 0 614** 0 700"* 
(±0 034) (±0 025) (±044) (±03) 
Abbreviation 'a', 'b', 'c' Indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 6 6 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total Free & Protein Bound 
SH gp, Alongwith the Activities of GST, SOD, 
AChEand MAO in the Rat Spleen During 
Swimming Stress (± SEM) 
Total SH gp 
(ix moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
Protein 
bound SH gp 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(|i mole 
/mm/mg 
protein x10' ] 
MAO 
(n moles 
benzaldehyde 
Normal 
Rats (20) 
7 911 
(± 116) 
1625 
(±011) 
6 286 
(±107) 
150 45 
(± 429) 
6 411 
(±201) 
1225 
(± 027) 
1 
0 635 
(±016) 
/mm/mg protein) 
Contro 1 
Stress treated (20)* 
12h 24h 
7 518 
(± 249) 
1530 
(± 008) 
5 988 
(±115) 
131 45 
(± 327) 
5 546 
(± 070) 
0 927 
(±017) 
0 685 
(± 024) 
6 407 
(±214) 
1262 
(+ 024) 
5 145 
(± 083) 
123 65 
(+ 254) 
4 429 
(+ 063) 
0 737 
(±019) 
0 685 
(+ 0 24) 
Tree rtment with Vit-C and VH 
Pretreatment (20)* 
12h 24h 
7 628'»' 
(±18) 
1 505** 
(±0 03) 
6 123'"* 
(±09) 
133 25'«* 
(±313) 
5 192*"* 
(±0 06) 
0 948'«" 
(±0 04) 
0 614* ' 
(±0 019) 
6 804*^' 
(±0 24) 
1 281** 
(±0 02) 
5 0231'«' 
(± 075) 
129 66'"' 
(± 270) 
4 699"'" 
(±0 05) 
0 721ba-
(±0 02) 
0 694<*" 
(±0 02) 
t-E 
Post treatment (20)* 
12h 24h 
7 894""' 
(±16) 
1 624* ' 
(±0 02) 
6 225"=' 
(±18) 
149 99'"* 
(±34) 
6 148'"* 
(±0 03) 
1 182""' 
(±0 02) 
0 605* ' 
(± 044) 
7 875* ' 
(±14) 
1 607""' 
(±03) 
6 268'*'' 
(±10) 
148 05'"' 
(±38) 
6 055'"* 
(±02) 
1 142""' 
(±0 03) 
0 631"=* 
(± 004) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0 01, 
cp<0 05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' Indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
122 
•Rcswlts & DiscMSsioM 
tissues of brain, heart, liver, kidney and spleen of pre-vitamin treated 
swimming stressed rats, when compared with their respective lev-
els from non-vitamin treated swimming stressed rats. 
In the brain, heart, liver, kidney and spleen tissue of 
post-vitamin stressed rats, a significant increase (p<.001) in the 
activities of GST, SOD and AChE were observed along with raised 
levels of total, free and protein bound sulfhydryl groups while a less 
significant decrease (p<.05) in the activity of MAO was observed in 
these tissues when compared to their respective levels from the 
swimming stressed non-vitamin treated rats (Table 6.2-6.6). 
When the levels of biochemical parameters obtained from 
vitamin treated stressed rats and untreated stressed rats were 
compared with normal rats, the alterations observed in vitamin treated 
stressed rats was less marked. 
Heat Stress 
A significant gradual decrease (p<.001) in the levels of 
plasma histaminase, Cortisol, GOT, GPT and LDH were observed in 
the pre-vitamin stressed rats, whereas the level of MAO and RBC 
AChE were significantly increased (p<.01) in comparison to 
non-vitamin stress treated rats with duration of 4 and 6 hours of heat 
stress. 
In the post-vitamin stress treated rats a significant increase 
(p<.001) in the levels of plasma MAO and RBC AChE was observed 
whereas, the levels of histaminase, Cortisol, GOT, GPT and LDH were 
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Table 7.1 : Effect of Treatment with Vitamin C and Vitamin E on 
the Activities of RBC AChE, Plasma MAO, Histaminase, 
SCOT, SGPT and LDH in Rats During Heat 
Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment with Vrt-C and Vit-E 
Pretreatment (20)* Post treatment (20)* 
12h 24h 12h 24h 
RBC 
AChE 
3.635 
(±0.141) 
(mm moles/min/ms 
protein x 
MAO 
(P.U/ml) 
Histam-
inase 
(P.U/ml) 
Plasma 
Cortisol 
(n %) 
SGOT 
(l/U/ml) 
SGPT 
(I.U/ml) 
10'^) 
5.679 
(±.172) 
38.42 
(±.627) 
18.433 
(±.591) 
12.416 
(±.624) 
12.66 
(±.72) 
2.478 
(±.061) 
1 
2.839 
(±.058) 
35.726 
(±.791) 
16.522 
(±.625) 
39.66 
(±.688) 
42.33 
(±.800) 
1.81 
(±.047) 
2.352 
(±.065) 
40.569 
(±.456) 
17.815 
(±.731) 
52.00 
(±.977) 
47.66 
(±.973) 
2.787'»" 
(±.066) 
2.966'«" 
(±.054) 
33.493'«* 
(±.633) 
13.019'"' 
(±.499) 
36.45'«' 
(±.512) 
38.621''" 
(±.635) 
2.513'»* 
(±.065) 
2.468'«" 
(±.084) 
38.096'«" 
(±.644) 
15.335'"'* 
(±.612) 
48.95'»" 
(±.761) 
44.05'"'" 
(±.636) 
3.248"'* 
(±.092) 
4.916"'" 
(±.169) 
22.414"'-
(±.558) 
10.095"'' 
(±.636) 
19.75''* 
(±.396) 
21.15'"* 
(±.721) 
3.302'"* 
(±.072) 
4.933'"* 
(±.105) 
21.01'"" 
(±.481) 
11.461'"" 
(±.505) 
22.41"'* 
(±.571) 
24.05"* 
(±.811) 
LDH 162.87 616.66 669.83 571.33"* 609.35"'* 225.66"* 241.75'"* 
(I.U. ml) (±4.370) (±5.329) (±2.098) (±4.151) (±6.31) (±.3.512) (±5.095) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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- I I O O O T S O T S O 
E 
X 
O 
-600 
E 
3 
0. 
o 
-200 -
30 ^ 
E 
3 
o 
o 
10 
30 
10 
• Stress treatedControl ( 4 h ) 
0 3 Pretreatment ( 4 h ) 
@ Post t rea tment (Ah ) 
( ^ Stress treoted Control ( 6 h ) 
lHJPre treatment ( 6 h ) 
rnj Q P o s t t rea tment (6h ) 
\r 
\ 
X 
• • 
•• 
fn 
1 
,1 |l 
,1 
|l 
i . 
SCOT S G P T LDH 
Fig. 54 Treatment with Vit C and Vit E induced changes in the levels of 
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Table 7.2 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total, Free, Protein Bound 
SH gp, GST, SOD, AChE and MAO in the tissues of 
Rat Brain During Heat Stress (± SEM) 
Normal Control Treatment with Vit-C and Vit-E 
Rats (20) Stress treated (20)* Pretreatment (20)* Post treatment (20jj; 
12h 24h 12h 24h 12h 24h 
Total SHgp 19 161 16 243 15 625 16 665'»" 15 966'»' 20 001""" 19 085""" 
(nmoles/gm (+448) (±256) (±455) (±356) (±412) (±316) (±349) 
tissue) 
Free SHgp 5 233 4 547 4 373 4 892"^* 4 395< *^ 4 998""* 4 927""" 
(nmoie/gm (±102) (±132) (±136) (±0 155) (±0 112) (±0 128) (±130) 
tissue) 
Protein 13 928 11696 11252 11768"** 11751"^* 15 00""* 14 958""* 
bound SHgp (±0 101) (±090) (±101) (±0 123) (±0 098) (±0 105) (±0 086) 
(n moles/gm 
tissues) 
GST 16192 139 47 13145 146 94'** 138 55"" 159 96*"' 157 66*** 
(n moles (±0 342) (±175) (±0 335) (±302) (±28) (±401) (±312) 
/min/mg 
protein) 
SOD 6 281 3 465 2 935 3 865"*' 3 293"** 6 012*"* 5 904*"* 
(U/mg) (±0 030) (±0 020) (±030) (±031) (±025) (±0 41) (±0 33) 
AChE 1483 0 868 0 777 0 914"** 0 791"="* 1366""* 1281""* 
(H mole (±099) (±040) (±031) (±0 022) (±0 036) (±0 071) (±0 041) 
/min/mg j . 
protein x10' ) 
MAO 1 26 1 143 1293 1 183="* 1 300'='=' 1 105'="' 1277'==* 
(n moles (±024) (±017) (±052) (±0 009) (±0 019) (±0 025) (±0 028) 
benzaldehyde 
/min/mg protein) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0 05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0 01, 
c' p<0 05 in comparison to normal rats.cp<0.05 in comparison to controls 
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Table 7.3 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total, Free, Protein Bound 
SH gp, GST, SOD, AChE and MAO In the tissues of 
Rat Heart During Heat Stress (± SEM) 
Normal Control Treatment wrth Vit-C and Vit-E 
Rats (20) Stress treated (20)* Pretreatment (20)* Post treatment (20)* 
12h 24h 12h 24h 12h 24h 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
Protein 
bound SH gp 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
{\x mole 
/min/mg ^ 
protein x10" ) 
4 452 
(± 112) 
1 337 
(±010) 
3315 
(± 058) 
128 08 
(± 262) 
5 733 
(± 056) 
0 928 
(± 086) 
MAO 0 924 
(n moles (± 019) 
benzaldehyde 
/min/mg protein) 
3 903 
(± 170) 
1 106 
(± 025) 
2 895 
(± 023) 
11579 
(± 342) 
3 69 
(± 035) 
0615 
(± 027) 
825 
(±021) 
3 733 
(±104) 
0 889 
(±018) 
2 844 
(± 024) 
110 35 
(± 244) 
3 255 
(+ 029) 
0 606 
(±001) 
953 
(±012) 
3 988'=''" 
(±151) 
1 119*" 
(±015) 
2 901** 
(± 044) 
119 33'"* 
(+211) 
3 271''^* 
(±0 061) 
0 709'"' 
(±0 091) 
895<=''* 
(±0 030) 
3 694"="' 
(± 108) 
0 0979"** 
(±021) 
2 882"="* 
(±031) 
118 06'^* 
(±33) 
3 291"=^ * 
(±0 068) 
0 672"=^ " 
(±0 110) 
0 981"="=* 
(±0 025) 
4 359""" 
(± 122) 
1 244""* 
(± 007) 
3 195""* 
(± 033) 
127 24="* 
(±296) 
5 44""* 
(±0 051) 
0 866""* 
(±0 075) 
0 811""* 
(± 022) 
4 255""* 
(± 104) 
1 219""* 
(±014) 
3 099""* 
(± 038) 
126 53'"* 
(± 276) 
5 381""* 
(±0 055) 
0 847""* 
(±0 068) 
0 929"="=* 
(±021 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 In comparison to normal rats. 
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Table 7.4 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total, Free, Protein Bound 
SH gp, GST, SOD, AChE and MAO in the tissues of 
Rat Liver During Heat Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment with Vit-C and Vit-E 
Pretreatment (20)* Post treatment (^0)* 
12h 24h 12h 24h 
Total SH gp 
(|i moles/gm 
tissue) 
Free SH gp 
(ji mole/g 
tissue) 
Protein 
bound SH gp 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(ix mole 
/min/mg 
protein x10" ) 
MAO 
(n moles 
ben^aldehyde 
8 451 
(±301) 
1524 
(±013) 
6 927 
(±031) 
178 35 
(±341) 
9 20 
(± 336) 
1 356 
(+ 049) 
1394 
(± 035) 
/min/mg protein) 
7 072 
(± 142) 
1213 
(+015) 
5 85 
(±015) 
142 22 
(± 336) 
6 884 
(+ 273) 
0 995 
(± 022) 
1338 
(±017) 
6 271 
(± 123) 
1 155 
(±012) 
5116 
(± 027) 
136 87 
(±316) 
5 913 
(± 265) 
886 
(± 023) 
1438 
(± 033) 
7 279'«" 
(±261) 
1 225="' 
(±02) 
6 155'^* 
(± 040) 
144 99'"* 
(±291) 
6 906'«' 
(±277) 
1 015'»* 
(± 033) 
1 391'='=* 
(± 026) 
7 m*^' 
(±313) 
1 187<^ ''* 
(+ 012) 
6.066'«* 
(± 033) 
139 05'«" 
(±32) 
5 988'»" 
(±315) 
0 897'»" 
(±04) 
1 466'="' 
(±041) 
8.411""' 
(± 129) 
1 496"'=' 
(±014) 
6 911""' 
(± 029) 
174 33^"" 
(± 330) 
8 66"^' 
(± 266) 
1 095""' 
(± 027) 
1 307'='=' 
(± 038) 
8 257""' 
(± 174) 
1 417""' 
(±016) 
6 866""' 
(± 025) 
171 09'"' 
(± 250) 
8 219^"' 
(±341) 
0 971"^" 
(± 022) 
1 401'="' 
(± 025) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 7.5 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total, Free, Protein Bound 
SH gp, GST, SOD, AChE and MAO in the tissues of 
Rat Kidney During Heat Stress {± SEM) 
Normal Control 
Rsrts (20) Stress treated (20)* 
12h 24h 
Treatment wrth Vit-C and Vit-E 
Pretreatment (20)* Post treatment (^0)* 
12h 24h 12h 24h 
Total SH gp 
(|i moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
6 171 
(± 167) 
1.306 
(+022) 
Protein 4 865 
bound SHgp (+018) 
((i moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/min/mg ^ 
protein xlO" ) 
6 311 
(± 090) 
1 02 
(+017) 
MAO 0 703 
(n moles (± 025) 
benzaldehyde 
/min/mg protein) 
5 495 
(± 086) 
1049 
(±014) 
4 506 
(± 028) 
143 46 123 65 
(±0 195) (±300) 
4 432 
(+ 083) 
0 682 
(±021) 
0 683 
(+015) 
5 481 
(± 053) 
979 
(± 013) 
4 446 
(± 035) 
118 04 
(±198) 
3 913 
(+ 082) 
0 644 
(± 012) 
0713 
(± 023) 
5 603'«" 
(±096) 
1 089"="' 
(+014) 
4 581<=''* 
(±021) 
123 SS""* 
(±0 210) 
4 55°"* 
(+0 084) 
5.544'= *^ 
(± 117) 
0 992** 
(± 020) 
4 491"^' 
(± 032) 
5 988""* 6 022""' 
(± 144) (+ 084) 
1 266""' 1 231""' 
(±015) (+011) 
4 716""* 4 781""' 
(± 028) (± 035) 
127 33"^* 140 05"^* 139 41"^' 
(±0 243) (±0 311) (±0 22) 
3 991'=«' 6 012'"* 6 003'"' 
(±0 101) (±0 074) (±0 082) 
0 714="* 0 682*' 0 907""* 0 893""" 
(±0 031) (+0 019) (+0 024) (±017) 
0 699"="* 0 721"=' 0 611-="' 0 700"' 
(±0 019) (±0 011) (+0 021) (±015) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 7.6 : Effect of Treatment with Vitamin C and Vitamin E 
on the Levels of Total, Free, Protein Bound 
SH gp, GST, SOD, AChE and MAO in the tissues of 
Rat Spleen During Heat Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment with Vrt-C and Vit-E 
Pretreatment (20)* Post treatment (20)* 
12h 24h 12h 24h 
Total SH gp 
(fi moles/gm 
tissue) 
7 911 6 511 6 387 
(±116) (±087) (±086) 
6 909'"' 6 499""* 7 903""" 7 866""* 
(±092) (±036) (±121) (±105) 
Free SH gp 
(\i mole/g 
tissue) 
1.625 
(±011) 
Protein 6 286 
bound SH gp (±1 07) 
(|i moles/gm 
tissues) 
1 399 1 260 
(±014) (±013) 
5 112 5106 
(+ 028) (± 086) 
1 411<='* 1 293'='' 
(±022) (±017) 
5 202«' 5146«" 
(± 122) (± 115) 
1.599""* 1 563""* 
(±013) (±020) 
6 294"=* 6 300"=* 
(±190) (±109) 
GST 
(n moles 
/min/mg 
protein) 
150 45 129 08 12166 
(± 429) (± 345) (± 273) 
136 66"^ * 132 13"'* 149 31'"" 148 75'"* 
(±315) (±401) (±391) (±288) 
SOD 
(U/mg) 
AChE 
(^ i mole 
/min/mg 
6 411 
(±101) 
1225 
(± 027) 
.5 
protein x10 ) 
MAO 0 635 
(n moles (± 016) 
benzaldehyde 
/min/mg protein) 
3 909 3 012 
(±124) (±074) 
696 646 
(±010) (±017) 
596 677 
(± 026) (± 026) 
4 007"** 3 141"*" 6 221'"* 6 195'"' 
(±0 124) (±0 122) (±0 131) (±119) 
0 704"* 0 648='* 1166""* 1095""* 
(±0 031) (±009) (±025) (±019) 
0 577="' 0 690=* 0 541="* 0 633=' 
(±0 018) (±022) (±015) (±026) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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significantly decreased (p<.01, p<.001), when compared to their 
respective levels from the heat stressed non-vitamin treated rats 
(Table 7,1 Fig.53-54). 
In the tissues of pre-vitamins stressed rats, a significant 
increase (p<.01) in the levels of total, free and protein bound sulfhydryl 
group, GST, SOD and AChE was observed while a less significant 
increase (p<.05) in the activity of MAO was observed as compared to 
their stress treated control. 
Similar observations were made in the tissues of 
post-vitamin stressed rats where the activities of GST, SOD, AChE 
and MAO were significantly increased (p<.01) along with the raised 
levels of total, free and protein bound sulfhydryl groups when 
compared to their respective levels obtained from stressed 
non-vitamin treated rats. The pattern of changes observed in the 
tissues of brain, heart, liver, kidney and spleen of pre and post 
vitamin stress treated rats were similar (Table 7.2-7.6). The 
alterations in the biochemical parameter of vitamin treated stressed 
rats was less marked than the untreated stressed rats when both were 
compared with normal rats. 
Fear Stress: 
A significant increase (p<.01) in the levels of plasma MAO 
and RBC AChE were observed, whereas the activities of plasma 
histaminase, Cortisol, serum GOT, GPT and LDH were significantly 
decreased (p<.01) in the pre-vitamin fear stressed rats when 
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Table 8.1 : Effect of Treatment with Vitamin C and Vitamin E on 
the Activities of RBC AChE, Plasma MAO, Histaminase, 
SGOT, SGPT and LDH During Fear 
Stress in Animal (± SEM) 
RBC 
AChE 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
3.635 2.510 1.743 
(±0.141) (±.061) (±.037) 
Treatment with Vlt-C and Vrt-E 
Pretreatment (20)* Post treatment (2qj* 
12h 
2.979'«" 
(±.076) 
24h 12h 
2.149'"'" 3.619*" 
(±0.065) (±.059) 
24h 
3.725^"* 
(±.062) 
(|j. moles/min/mg 
.5 
protein X 10 ) 
MAO 
(P.U/ml) 
Histam-
inase 
(P.U/ml) 
Plasma 
Cortisol 
(H%) 
5.679 
(±172) 
14.174 
(±.589) 
9.851 
(±.571) 
3.357 
(±.072) 
25.224 
(±.466) 
14.671 
(±.726) 
2.737 
(±.067) 
37.028 
(±.868) 
19.955 
(±.731) 
3.906'«* 
(±.088) 
26.864'«" 
(±0.558) 
13.066'«" 
(±.611) 
2.968'«* 
(±0.100) 
35.058'»* 
(±.620) 
17.921 •«* 
(±.609) 
5.25'«* 
(±.097) 
21.848'"* 
(±.428) 
10.471 ">• 
(±.633) 
5.33'»* 
(±0.099) 
17.816^" 
(±.520) 
13.644'"'" 
(±.597) 
SGOT 12.416 30.166 54.00 28.412'»* 51.35'«* 
(l/U/ml) (±.624) (±0.581) (±.881) (±0.409) (±.521) 
20.015'»*- 2.25''-
(±.396) (±.361) 
SGPT 12.66 
(I.U. ml) (±.72) 
29.33 42.66 27.05'»' 38.75"'* 19.35"* 20.11'^ * 
(±0.723) (±0.698) (±0.512) (±.412) (±.422) (±.685) 
LDH 162.87 410.166 555.167 388.15"* 478.65'«* 
(U/ml) (±4.37) (±4.597) (±9.415) (±3.66) (±6.35) 
240.16"* 210.75"* 
(±.6.38) (±4.951) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats. 
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Table 8.2 : Effect of Treatment with Vitamin C and Vitamin E 
on Stress Induced Changes in the Levels of Total, Free, 
Protein Bound SH gp, GST, SOD, AChE and MAO 
in the tissues of Rat Brain During 
Fear Stress (± SEM) 
Normal Control Treatment with Vrt-C and Vit-E 
Rats (20) Stress treated (20)* Pretreatment (20)* Post treatment (20)^ 
12h 24h 12h 24h 12h 24h 
Total SH gp 
(^ moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
Protein 
bound SH gp 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/min/mg 
protein x10' ) 
MAO 
(n moles 
benzaldehyde 
19 161 
(± 448) 
5 233 
(± 102) 
13 928 
(±101) 
161 92 
(± 342) 
6 281 
(±1 85) 
1483 
(± 099) 
1 
1 26 
(± 024) 
/min/mg protein) 
15 863 
(+ 514) 
4 810 
(± 067) 
11 053 
(+ 093) 
142 85 
(± 483) 
5015 
(± 027) 
1047 
(± 040) 
0 988 
(+ 026) 
15 00 
(±481) 
4 242 
(± 078) 
10 758 
(± 076) 
139 09 
(± 304) 
4 166 
(± 036) 
0 777 
(±041) 
1281 
(± 040) 
16 533'^* 
(±481) 
4 900""' 
(± 068) 
11 583'»* 
(± 140) 
148 95^'' 
(±331) 
5 951"* 
(± 176) 
1 083'»" 
(±0 051) 
1 079*" 
(±0 035) 
15 814'«* 
(± 502) 
4 36'«" 
(± 063) 
11 425'»* 
(±121) 
146 15'^* 
(± 353) 
4 995'"* 
(± 145) 
1 102*^* 
(±0 063) 
1 14="* 
(±0 055) 
18 961'>''* 
(± 406) 
5 24""* 
(±103) 
13 718""=* 
(± 069) 
157 75'^* 
(± 308) 
6 11*"* 
(± 105) 
1 291""* 
(±0 106) 
0 906"="* 
(±0 020) 
18 445""' 
(± 393) 
5 099*"* 
(±086) 
13 44""* 
(± 087) 
155 66*"* 
(± 436) 
5 906*"* 
(±09) 
1 22""* 
(± 088) 
1 199"<=* 
(±0 036) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0.05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in comparison to normal rats 
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Table 8.3 : Effect of Treatment with Vitamin C and Vitamin E 
on Stress Induced Changes in the Levels of Total, Free, 
Protein Bound SH gp, GST SOD, AChE and MAO 
in the tissues of Rat Heart During 
Fear Stress (± SEM) 
Normal Control Treatment wrth Vit-C and Vit-E 
Rats (20) Stress treated (20)* Pretreatment (20)* Post treatment (^0)* 
12h 24h 12h 24h 12h 24h 
Total SHgp 4 452 4 103 4 079 4147'»" 4 089'«" 4 447'«" 4 352""* 
(^moles/gm (±112) (±160) (±166) (±135) (±174) (±151) (±110) 
tissue) 
Free SHgp 1337 1184 1092 1 199'"' 1112"= "^ 134'^* 129""" 
(timole/g (±010) (±027) (±010) (±015) (±023) (±014) (±015) 
tissue) 
Protein 3 315 2 919 2 910 3 075"^* 2 967<=^ * 3 11"''* 3 066'*" 
bound SHgp (±058) (±032) (±036) (±019) (±020) (±0 33) (±031) 
{\i moles/gm 
tissues) 
GST 12808 12156 10808 12233"= *^ 11041"^' 12666^^' 125 39^"" 
(n moles (±262) (±230) (±302) (±231) (±153) (±168) (±24) 
/mtn/mg 
protein) 
SOD 5 733 4 95 3 991 5 011'=»' 4102'«* 5 715"=" 5 66'** 
(U/mg) (±056) (±026) (±029) (±027) (±029) (+044) (±059) 
AChE 0 928 0 595 0 572 0 612"^" 0 596"^" 0 841""' 0 775'"'" 
(H mole (±086) (+017) (±014) (±0 066) (±0 057) (±0 081) (±0 019) 
/min/mg 
protein x10 ) 
MAO 0 924 0 817 0 916 0 841'="' 0 995"=* 0 806** 0 896°=* 
(n moles (+019) (±0 17) (±0 012) (±0 020) (±0 031) (±0 035) (±0 025) 
benzaldehyde 
/min/mg protein) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0 05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0 05 in comparison to normal rats 
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Table 8.4 : Effect of Treatment with Vitamin C and Vitamin E 
on Stress Induced Changes in the Levels of Total, Free, 
Protein Bound SH gp, GST, SOD, AChE and MAO in 
the tissues of Rat Liver During 
Fear Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment with Vit-C and Vit-E 
Pretreatment (20)* Post treatment (|0)* 
12h 24h 12h 24h 
Total SH gp 
(^l moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
8 451 
(±301) 
1 524 
(±013) 
Protein 6 927 
bound SHgp (±031) 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(\i mole 
/min/mg j . 
protein xlO" ) 
178 35 
(±341) 
9 201 
(± 336) 
1 356 
(± 049) 
7 473 7 305 
(±136) (±120) 
7 52'«" 7 735"^ * 
(±057) (±106) 
1 322 
(±23) 
6 151 
(± 026) 
151 35 
(± 447) 
6 880 
(± 032) 
1 071 
(± 023) 
1 175 
(±011) 
613 
(± 027) 
144 08 
(±193) 
4 852 
(±0 26) 
0 998 
(±016) 
1 39"^ " 
(±021) 
6 22'«' 
(± 037) 
153 33*^ ' 
(±327) 
6 97'"* 
(± 080) 
1 165'"'* 
(±019) 
6 182'»* 
(± 027) 
8 44""* 8 29'"'' 
(±099) (±120) 
1 47""" 1 36""' 
(±015) (±022) 
6 972"<=* 6 931""* 
(±029) (±041) 
146 75"^ * 177 05'"' 174 29'"' 
(±356) (±314) (±334) 
5 021"=' 
(± 056) 
8 85="" 8 31'"' 
(±116) (±041) 
1 163"^ * 1 065"'" 1 269""* 1 266""' 
(±026) (±031) (±050) (±040) 
MAO 1 394 
(n moles (± 035) 
benzaldehyde 
/min/mg protein) 
1 207 1 274 1 22** 1 366"<=* 1 198<="* 1 269"<=* 
(±017) (±0 23) (±027) (±034) (±025) (±037) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0 001, b p<0 01, 
cp<0 05 in comparison to stress treated control. 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0 001, b' p<0.01, 
c' p<0.05 in comparison to normal rats 
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Table 8.5 : Effect of Treatment with Vitamin C and Vitamin E 
on Stress Induced Changes in the Levels of Total, Free, 
Protein Bound SH gp, GST, SOD, AChE and MAO in 
the tissues of Rat Kidney During 
Fear Stress (± SEM) 
Normal Control 
Rats (20) Stress treated (20)* 
12h 24h 
Treatment wrtti Vit-C and Vit-E 
Pretreatment (20)* Post treatment (20)* 
12h 2Ah 12h 24h 
Total SH gp 
(n moles/gm 
tissue) 
Free SH gp 
(n mole/gm 
tissue) 
Protein 
bound SH gp 
(n moles/gm 
tissues) 
GST 
(n moles 
/min/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/min/mg ^ 
protein x10" ) 
6 171 
(± 167) 
1306 
(±011) 
4 865 
(±018) 
143 46 
(± 195) 
6 311 
(± 090) 
1 02 
(± 028) 
MAO 0 703 
(n moles (± 025) 
benzaldehyde 
/min/mg protein) 
5 626 
(± 098) 
0 982 
(±013) 
4 644 
(± 023) 
13166 
(± 248) 
5 371 
(± 037) 
0 854 
(+ 024) 
0 653 
(±017) 
5 450 
(± 064) 
0 977 
(±011) 
4 473 
(± 022) 
124 51 
(± 293) 
4 905 
(±0 24) 
0 734 
(±0 25) 
0 690 
(± 020) 
5 731'" ' 
(±111) 
1 063'"' 
(±017) 
4 72'"* 
(±0 027) 
132 05*^' 
(±0 302) 
5 844'»* 
(±0 054) 
0 905*^' 
(± 003) 
0 691'=''" 
(±0 019) 
5 400"==' 
(± 096) 
1 007^" 
(±011) 
4 495"="* 
(±031) 
128 95'"* 
(±0 210) 
4 986'=»* 
(±0 048) 
0 788** 
(± 012) 
0 7iicb-
(±0 021) 
6 122^"* 
(± 168) 
1 271""* 
(±013) 
4 85'«* 
(±0 034) 
140 65»'* 
(±0 290) 
6 205'''" 
(±071) 
1 004*^* 
(± 025) 
0 697"="' 
(±0 032) 
5 993^"* 
(± 123) 
1 255*** 
(±012) 
4 74'"'* 
(±018) 
138 05"* 
(±0 24) 
6 116'"* 
(± 066) 
0 971"** 
(±021) 
0 669^ "=* 
(±0 028) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0.001, b p<0.01, 
cp<0 05 in comparison to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0.05 in companson to normal rats 
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Table 8.6 : Effect of Treatment with Vitamin C and Vitamin E 
on Stress Induced Changes in the Levels of Total, Free, 
Protein Bound SH gp, GST, SOD, AChE and MAO in 
the tissues of Rat Spleen During 
Fear Stress (± SEM) 
Total SH gp 
(ix moles/gm 
tissue) 
Free SH gp 
(^ mole/gm 
tissue) 
Protein 
bound SH gp 
{\i moles/gm 
tissues) 
GST 
(n moles 
/mm/mg 
protein) 
SOD 
(U/mg) 
AChE 
(n mole 
/mm/mg 
protein x10' ] 
Normal 
Rats (20) 
7 911 
{+ 116) 
1625 
(±011) 
6 286 
(±107) 
150 45 
(± 429) 
6411 
(±101) 
1 225 
(± 027) 
I 
MAO 0 635 
(n moles (± 016) 
benzaldehyde 
/mm/mg protein) 
Control 
Stress treated (20)* 
12h 24h 
7 374 
(+ 190) 
1 359 
(±013) 
6 015 
(± 025) 
138 85 
(± 272) 
5 233 
(± 035) 
0 74 
(±011) 
0 550 
(+ 023) 
7219 
(±183) 
1293 
(±013) 
5 926 
(± 025) 
129 05 
(±314) 
4 166 
(±041) 
0 638 
(±017) 
0 596 
(±014) 
Treatment with V 
Pretreatment (20)* 
12h 24h 
7 397'»" 
(± 135) 
1 381"* 
(±015) 
6 067"="* 
(±031) 
139 65'"* 
(±0 358) 
5 25'«* 
(+031) 
0 821"^* 
(±0 025) 
0 591'=''' 
(±0 023) 
7 397'"* 
(±141) 
1 300"==' 
(±018) 
5 988<^ '>' 
(±04) 
130 33'"* 
(± 246) 
4 619"^" 
(± 028) 
0 658'='* 
(±0 31) 
0 642** 
(± 025) 
it-C and Vit-E 
Post treatment (20)' 
12h 24h'^ 
7 905'^* 
(±109) 
1 566""* 
(± 009) 
6 34"<=* 
(± 052) 
149 66^"* 
(±0 31) 
6 34^"* 
(± 044) 
1 105""* 
(± 032) 
0 522"="* 
(± 034) 
7 895""* 
(±1 20) 
1 512""* 
(± 007) 
6 38""* 
(±061) 
147 8 r " ' 
(±0 26) 
6291^"* 
(±051) 
1 009""* 
(± 028) 
0 581"* 
(±02) 
Abbreviation 'a', 'b', 'c' indicate level of significance a p<0 001, b p<0 01, 
cp<0.05 in companson to stress treated control 
Abbreviation 'a*', 'b*', 'c*' indicate level of significance a' p<0.001, b' p<0.01, 
c' p<0 05 in comparison to normal rats 
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compared to their respective levels from the stress treated rats. 
In the post-vitamin treated stressed rats, the activities of 
plasma histaminase, Cortisol, serum GOT, GPT and LDH were 
significantly decreased (p<.01), whereas the levels of MAO and RBC 
AChE were significantly increased (p<.01) as compared with their 
stress treated controls (Table 8.1, Fig. 55-56). 
In the tissues of brain, heart, liver, kidney and spleen of 
pre-vitamin fear stressed rats, a significant increase (p<.01) in the 
levels of sulfhydryl groups (total, free and protein bound) along with 
the activities of GST, SOD and ACh^, while less significant increase 
(p<.05) in the activity of MAO was observed as compared to their 
respective levels from stressed non-vitamin treated rats which served 
as controls. 
In the tissues of post-vitamin stressed rats, a further 
significant increase (p<.01) in the levels of total, free and protein 
bound sulfhydryl groups, GST, SOD AChE and MAO were observed 
when compared to non-vitamin stress treated rats (Table 8.2-8.6). 
The alterations in the biochemical parameters of vitamin 
treated stressed rats was less marked than the untreated stressed 
rats when both were compared with normal rats. 
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In the present study, the rats were exposed to restraint, 
swimming, heat and fear stress by standardized methods for different 
time intervals to evaluate the effect of stress on various biochemical 
parameters including free radical scavenging system. 
The circulating activities of AChE and MAO were 
decreased while the levels of Cortisol, histaminase, GOT, GPT and 
LDH were increased in all the stress treated rats irrespective of the 
type of stress they were subjected to. Similar changes in the tissue 
activities of AChE and MAO were observed as in circulation. The level 
of catecholamines, Cortisol and acetylcholine (Ach) were found 
enhanced during stress (Click et al., 1965; Berson and Yalow 1968; 
Kvetnansky, 1872; Mikulaj, et al., 1975, Pandey, 1976; Rai, 1977 and 
Kopin et ai., 1980). The oscillation stress is found to deplete brain 
acetylcholine levels while strain stress increases it in the animals 
(Satio et a.1., 1976). Stress is known to enhance the circulating ACh 
level (Gupta et j i l . , 1978 and Kamysheva, 1978) with a decreased 
activity of AChE, its degrading enzyme (Litvak, 1969). Similar 
observations were made in the present study where gradual decrease 
in the activity of AChE was observed in restraint, swimming heat and 
fear stress treated rats with the duration of stress. Maximum decrease 
was recorded after 24 hours of restraint and 6 hours of heat and fear 
stress. The decreased activity of AChE as observed in the present 
study might be responsible for an increase in the AChE level due to 
its decreased degradation (Gupta et ai., 1978). However, the activity 
of AChE is found enhanced in the students with increased body 
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temperature during examination (Yardanova and Gotsev, 1971) but a 
significant decrease in its activity is observed in experimental 
animals under stress (Litvak, 1969). While during the electric shock, 
increased level of both ACh and AChE are reported (Singh el at., 
1980). Exercise has been shown to increae the AChE level (Basu gt 
ai-, 1975 and Weltmann, 1994) with a decrease in the AChE activity 
(Husain K and Somani, S.M., 1997). 
The circulating levels of catecholamines and their 
synthesizing enzymes are enhanced after stress (Weinshilbour et al., 
1971; Kvetnansky 1976 and Rysanek §] a.1., 1978), the activity of 
MAO i.e. the catabolizing enzymes of catecholamine is decreased in 
the present study which may reflect an enhanced catecholamines level 
in the restraint, swimming, fear and heat stressed rats. The activity of 
MAO in the liver, heart, kidney, lung, brown fat and hypothalamic 
tissues of the rats exposed to heat for 1,3, 6 and 24 hours has been 
reported unchanged (Vojislav M. Poetrovic and Vera-Janic Sibalic, 
1980), while in the present study the activity of MAO decreased ini-
tially and then increased less significantly with the duration of stress 
in various tissues of rats. The activity of MAO is decreased in 
hypophysectomized animals or after hydrocorticosterone treatment 
(Parvez and Parvez, 1973). The decreased plasma MAO activity as 
observed in the present study is consistent with the earlier reports of 
decreaed MAO (both A and B) level in immobilization stress (Obota 
and Yamanaka, 1994). 
The plasma and urinary 5-HT levels are found increased 
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after exposure to variety of stress such as cold, immobilization, 
electric shock etc. (Toh, 1960; Sarkar, 1978 and Hirvonoetal., 1978). 
There is an increase in the brain MAO activity after adrenalectomy 
(Ceasor et al., 1970) and decrease in the level of 5-HT after stress 
(Corrodi et a]., 1968). The decreases MAO activity as observed here 
may reflect an enhanced level of 5-HT in the stress treated rats due 
to its decreased degradation. 
The involvement of stress with certain diseased condition 
is well known; such as in schizophrenia (Smythies, 1976), peptic 
ulcer (Udupa, 1978), where central 5-HT metabolism is disturbed, with 
the association of decreased platelets MAO (Wyatt et aj., 1973 and 
Domino et a]., 1976). Various stress stimuli are associated with 
modification of central monoamine metabolism. (Subramanyam, 1977). 
However, MAO inhibitors are used to treat hypertension and 
depression (Zellet et a.1., 1952). 
During stress there is an increase in the activity of 
sympathohypothalamo-pituitary adrenal system (Kvetanansky and 
Mikulaj, 1970). In response to stress the hyperactive pituitary gland 
releases the tropic hormones which in turn by acting on their target 
endocrine glands stimulate the synthesis and release of their 
respective hormones (Levi, 1967), thereby altering activities of their 
anabolising or catabolising enzymes. The stress induced 
hyperactivity of adrenal cortex was described by Selye (1946). The 
psychosocial stress activates either the pituitary adrenocortical 
system or the symphathoadreno-medullary system (Henry, 1977). The 
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adrenocortical system becomes activated when the organism fails to 
compete with the situation; a state leading to depression. In this type 
of stress, the ACTH and corticosteroid levels are augmented with 
unaltered catecholamine levels. Fear anxiety behaviour in the 
animals showed the similar trend. During the fight-flight reaction 
increase in the sympathoadrenomedullary system occurs thus giving 
rise to raised levels of adrenaline and nor-adrenaline, while 
corticosterone remains unchanged (Sassenrath, 1970). Endotoxin 
shock induces histamine re lease through the format ion of 
anaphylatoxin leading to increased plasma histamine levels (Hinshaw 
et j j . , 1972 and Schumer et aj., 1972). Immobilization stress also 
elevated circulatory and tissue levels of histamine (Rai, 1976). There 
is direct correlation of increased histamine ievei and rise in serum 
histaminase level with severity of myocardial infarction (Kipshidge 
and Barghyan 1967, Sainani and D'Souza, 1975). Similarly rise in 
the level of histaminase was observed after restraint, swimming, heat 
and fear stress in the present study. Maximum rise of histaminase 
activity was recorded after 6 hours of heat stress as compared to 
their normal controls. Role of histaminase in generation of superoxide 
radical has been studied (Silva et a[., 1996). 
The plasma Cortisol levels are found enhanced in various 
stressful condition Von-Euler, 1969; Kvetnansky, 1972; Mukulaj et al; 
1975 and Szentendrei et §J., 1980). Similar to the present finding, an 
increase in the circulating and urinary levels of corticosteroid is 
reported following various stressful stimuli, as surgical trauma, pain. 
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anaesthesia and psychic stress (Thomasson, 1959 and Hume et aJ , 
1962). The involvement of stress is well known in schiozophrenia 
(Smythles, 1976) and certain other stress disorders (Kulkarni and 
Kunchandy, 1988). Enhanced level of corticosteroids have also been 
reported in variety of diseases (Shimkies, 1961 and Lovezrovement 
gt aJ., 1965 and Modell 1997) and experimental studies related to 
stressful conditions (Reul et aJ., 1997). 
Irrespective of the type of stress, the Cortisol levels is 
reported enhanced (Von Euler, 1969 and Szentendrei et al, 1980). 
Similarly a significantly enhanced level of Cortisol is observed in the 
plasma of stressed rats in the present study. The high levels of plasma 
Cortisol may be due to hypothalamic hypophyseal-adrenal 
stimulation because of stress. The high concentration of 
glucocortico-steroids suppresses the host immune response (Goetz 
and Pederson, 1994). The steroids kill lymphocytes and cause 
involution of lymphoid tissue. In rodents, glucocorticoids decrease 
the circulating lymphocytes, monocytes and eosinophils, probably by 
cell lysis, while in human instead of cell death, a shift of the cell 
occurs from vascular compartment to bone marrow, lymphoid tissue 
and spleen (Cupps and Fanci, 1992). The rise in plasma Cortisol may 
be due to body's non-specific response to combat stress. 
The circulating level of serum GOT, GPT and LDH 
remained elevated significantly in all the types of stress. The serum 
levels of LDH and aspartate aminotransferase increased after 2 to 8 
hours of immobilization stress (Sun et_a\,, 1995). Consistent to the 
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present study, an increase in the serum levels of GOT, GPT and LDH 
after restraint stress has been reported (Pal, 1995). N-phthaloyI 
gamma-aminobutyric acid, an antistressor is found to normalize 
restraint stress treated rats by inducing increase in the level of LDH 
and further enhancement of GOT and G PT activities (Pal et al., 1995). 
The increased LDH level may be responsible for enhanced LDH 
secretion into the plasma from RBCs due to the increased free 
radical induced damage of RBC membrane during stress (Zima et a[, 
1996). 
Antioxidant System: Effect of Stress 
Antioxidant and free radical scavenging systems exist 
in the cell to protect \t against the damaging effects of free radicals 
produced as a part of normal cell respiration and other cellular 
processes such as the inflammatory response. (Flohe et al., 1973, 
Wilson, 1980, 1983, Cohen 1984; Toppel 1984; Kaplotiwitz et al., 
1985). Free radicals and free radical reactions are involved in the 
etiology and development of number of diseases, especially those 
that are life limiting (Pryor, 1987). 
In the present study, the levels of superoxide dismutase 
(SOD), Glutathione S-transferase (GST), and the antioxidant 
compounds, reduced glutathione (Total, free and protein bound 
sulfhydryl groups) were estimated in tissues of brain, heart, liver, 
kidney and spleen after restraint, swimming, heat and fear stress for 
different time intervals. 
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At 24 hours of immobilization, the activities of GST and 
SOD, levels of total, free and protein bound sulfhydryl groups were 
significantly decreased as compared to their respective normal 
values. Similar trend of changes in these biochemical parameter were 
observed in the above mentioned tissues of swimming, heat and fear 
stress treated rats. Highest concentration of sulfhydryl groups was 
observed in the tissues of brain, followed by liver, spleen, kidney and 
heart. Irrespective of the type of stress decrease in the levels of 
total, free and protein bound SH groups were observed with the 
duration of stress. Higher concentrations of GST and SOD were 
recorded in liver in comparison to other tissues as liver is the mam 
organ involved in the detoxification of xenobiotics. 
Glutathione has been considered to function as 
biological antioxidant, because of its major role in the destruction of 
free radicals (Sohal et a.1., 1984) and in cellular protection during 
aging (Pruch et al., 1991). Depletion of glutathione during 
immobilization stress stimulates oxidants and causes oxidative 
damages resulting in the degenerative diseases of aging, including 
brain dysfunction (Liu et al., 1996). There is a decrease in the tissue 
levels of GSH after water immersion restraint stress (Alptekin, N. et 
al., 1996). Changes in the tissue concentration of GSH or GSSG may 
be either reciprocal or involve alterations in the glutathione pool. 
Immobilization stress induces generation of reactive oxygen species 
and decreases the endogenous antioxidant defences, which can be 
attenuated by extracellular administration of antioxidant GSH (Liu et. 
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al, 1994). GSH concentration is observed decreased after 30' of 
complete ischemia (Folbergroa et a[., 1979). The decrease in the GSH 
level is not found to correspond with an increase in the GSSG 
concentration reflecting anaerobic breakdown of GSH (Folbregrove 
etaj . , 1979). Similar to our findings other workers have also reported 
reduced brain tissue concentration of GSH during mild hypoxia in 
rats (Wideman and Domunska, 1974; Jarostava, 1979). 
The pathogenesis of Parkinson's disease is also 
related to the decrease of antioxidant glutathione (Drukarch et aj., 
1996) as glutathione is essential for the repair process in brain 
exposed to oxidative damage by free radicals (Pellmur, 1992). 
Further, the concentration of protein bound sulfhydryl 
group in the present study is found significantly decreased in various 
tissues of rats after restraint, swimming, heat and fear stress which 
indicate that the sulfhydryl groups CSH) of proteins and enzymes are 
essential for their function. Thus, alteration of total sulfhydryl groups 
due to stress may cause disturbances in the function of enzymes like 
glutathione peroxidase. The age-related decrease in reduced 
glutathione levels has been observed (Lang et aJ., 1989; Sohal et aj.., 
1990). Recent evidences have shown that alcohol as well as 
exercise induces oxidative stress resulting in the decreased level of 
GSH with decreased activities of SOD and glutathione-reductase 
(Husain K. and Somani S.M., 1997). 
Oxidative stress plays an important role in aging and 
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age related diseases like atheroslerosis and cancer. (Aejmelaeus R.T. 
et al., 1997). Aging also lowers the antioxidant enzyme system in the 
tissues of rat kidney (Toshinai, et al., 1997). Glutathione is the key 
factor in lowering reducing potential in senenscent tissues. Cellular 
GSH concentration may have a profound regulatory effect on the 
act iv i t ies of pentose phosphate cycle enzymes (Hosoda and 
Nakamura, 1970; Hockstein and Utiey, 1968). The coenzyme NADPH 
generated by the coupled enzyme system of glutathione reductase 
and glutathione peroxidase become limiting and less available to 
the enzymes of pentose phosphate cycle due to reduced GSH 
concentration and in turn causes lower biosynthetic activity. Thus, 
the depletion of GSH pool during stress results in dysfunction of the 
oxidative defense mechanism, which may adversely effect the 
system and may help in precipitation of degenrative problems related 
to aging. 
Decrease in the SOD activity observed in the present study 
can be responsible for the generation of superoxide redicals during 
restraint, swimming, heat and fear stress. SOD the first enzyme of 
the scavenging enzyme series, ameliorates the damage caused in 
the cells by free radicals (Slater, 1984). SOD in various tissues of 
rats have protecting role against the toxic effects of oxygen free 
radicals generated by its further reaction with cellular compound. 
(McCord et a.1., 1971; Fridovich, 1975). Immobilization stress has been 
shown to bring about antioxidant defense changes in the plasma of 
rats (Liu et a]., 1994). Similar observations have been made in the 
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present study where the activities of SOD and GST are found 
decreased in restraint, swimming, heat and fear stresses. Several 
workers have reported the role of oxygen free radicals in restraint 
stress induced gastric lesions and the role of SOD in clinical study 
on stress gastritis prophylaxis (Kayabali et al, 1994; Li & Zang, 1993). 
Moreover, restraint-cold stress can cause gastric ulceration due to 
the oxidative damage of gastric mucosa caused by hydroxyl radicals 
(Das, D. et a[., 1997). Glutathione-S-transferase has a major role in 
the detoxification of oxyradical and their end product (Mannervik and 
Danielson, 1988). Hence it plays a major role in scavenging 
oxyradicals and their product. In the present study, the stress induced 
reduction of GST in the tissue of rats were observed. Brain GST has 
been reported to play an important role in the detoxification of 
potential toxicants through their conjugation and biotransformation 
(Booth St aj., 1961; Boyland and Chasseaud, 1969; Dixit etal . , 1980; 
Kubotaeta l . , 1985). 
Thus, in order to maintain the stability of a living 
organism it is necessary to reach a balance between the oxidative 
actions and the antioxidant defense i.e. anti-FRS. Enhanced free 
radical production with lipid peroxidation has been observed during 
stress (Clemens, 1991). The decreased activity of GST and SOD with 
a decreased level of glutathione as observed in the present study 
may further aggravate this situation. 
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Modulation of Various Stress Induced Biochemical Changes by 
Vlt C and Vlt E 
The effects of pre and post vitamin treatment on the 
modulation of various stress (Restraint, swimming, heat and fear) 
induced biochemical changes were studied. The decreased activities 
of RBC AChE and MAO observed in stressed rats (without vitamin 
treatment) were increased while the increased Cortisol, histaminase, 
GOT, GPT and LDH levels (in comparison to the levels obtained from 
normal rats) were decreased by vitamin therapy of the stress treated 
rats. Similar changes in the activities of AChE and MAO were 
observed in the tissues of brain, heart, liver, kidney and spleen of pre 
and post vitamin treated stressed rats. The decreased level of 
sulfhydryl groups (total, free and protein bound) along with the 
decreased activities of SOD and GST, observed in the stress treated 
rats (in comparison to the normal rats without vitamin treatment) were 
significantly increased by vitamin therapy when compared to their 
respective levels from non-vitamin stress treated controls. 
The post-treatment with vitamin was effective in reducing 
the intensity of stress than pre-treatment in terms of the alterations 
of biochemical parameter studied. Vitamin C (Ascorbic acid) and 
Vitamin E (Tocopherol) are effective antioxidants of major importance 
for protection against diseases and degenerative processes caused 
by oxidant stress (Free et al., 1989). Thus, in the present study Vit C 
151 
RCSMITS & DiscMSsioM 
and Vit E showed their potentials as radical scavengers by 
enhancing the activities of GST and SOD which has been reported 
earlier too (Capuzzi, G et §1., 1996), their role as antioxidant, 
particularly for vitamin E had already been reported in diseases like 
atherosclerosis (Stenibrecher ^ . 1997) and tumor development 
(Sweirczynski, J. et.a|., 1997). Vit E also appears to be the first line 
of defense against peroxidation of polyunsaturated fatty acid 
contained in cellular and sub-cellular membrane prophospholipid 
(Halliwell and Chirico, 1993). 
The present study supports the earlier findings that stress 
induces biochemical alterations in the organism, which may lead to 
various kinds of stress disorders and may also aggravate the 
process of aging. The effective treatment with combined Vitamin C 
and Vitamin E therapy provides further evidence useful in the 
development of a rational treatment to emotional stress or even 
physical stress. The study also showed that irrespective of the 
duration and type of stress the antioxidant vitamin therapy had 
profound effect in restraining the biochemical changes brought about 
due to stress exposure. 

15 
(1) Stress plays an important role in causing and prolonging 
mental and physical illness. Exposure to any type of stress 
leads to neuroendocrine, endocrine and metabolic changes 
in the organism. Under normal situations, all these 
responses act as defence mechanisms and help the 
organism to face the stressful situation more effectively. 
However, in case the organism fails to adapt to these 
conditions, the above mentioned responses may last 
long and functional disability of one or more organs may 
develop and may participate in one or the other disorders 
commonly termed as stress disorders. 
(2) In the present study, the circulating levels of AChE, MAO, 
histaminase, Cortisol, SCOT, SGPT, LDH; along with the 
tissues level of total, free and protein bound sulfhydryl 
groups, GST, SOD, AChE and MAO were estimated in 
restraint, swimming, heat and fear stressed rats. The 
levels of above mentioned biochemical parameters have 
been compared with the values obtained from their 
respective normal controls. 
(3) The effect of a combination of Vitamin C and Vitamin E (15 
mg/kg body weight each) treatment on the management 
of stress induced biochemical changes was also evaluated. 
Both preventive and curative effects of these antioxidant 
vitamins were seen on various stress conditions in terms 
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of measurement of above biochemical parameters. 
(4) The activities of RBC AChE, plasma MAO, histaminase, 
SCOT, SGPT and LDH, tissues AChE, SOD, GST and 
sulfhydryl groups (total, free and protein bound) were 
determined by spectrophotometric procedures, while the 
level of plasma Cortisol was measured by spectrofluorometer. 
(5) For the stress study, male albino rats were subjected to 
immobilization, swimming, heat and fear stress for different 
time intervals. The biochemical parameters were assayed 
after sacrificing these rats both in circulation and tissues. 
The circulating activities of RBC AChE, MAO, histaminase, 
Cortisol, GOT, GPT and LDH were estimated, and the 
values obtained were compared with their respective 
non-stressed rats serving as controls. 
(6) Levels of sulfhydryl group (total, free and protein bound) along 
with the activities of GST, SOD, AChE and MAO were 
estimated in various tissues (brain, liver, kidney, heart and 
spleen) of the stressed rats and were compared with their 
respective non-stressed controls. 
(7) The circulating activities of AChE and MAO were 
significantly decreased, while the levels of histaminase, 
Cortisol, GOT, GPT and LDH were significantly elevated in 
restraint, swimming, heat and fear stress treated rats. The 
alterations recorded were gradual with the duration of 
stress. 
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(8) In all the tissues, significant decrease in the levels of sulfhydryl 
groups (total, free and protein bound) along with the 
activities of GST, SOD and AChE were observed except 
for MAO which showed irregular changes with the duration 
of stress. The pattern of changes were similar in all the 
types of stress viz. immobilization, swimming, heat and fear 
stress. 
(9) The changes observed in the above mentioned 
biochemical parameters were maximum at 12 and 24 hours 
of restraint, 1 and 4 hour of swimming, 4 and 6 hours of heat 
and 3 and 6 hours of fear stress. These time intervals were 
considered, for studying the effect of vitamin treatment on 
these stresses. 
(10) Irrespective of the type of stress its effect was reduced in 
terms of alteration of these biochemical parameters 
when the rats were given a combined pretreatment or 
post-treatment of vitamin C and vitamin E (15 mg/kg body 
weight each). A significant decrease in the circulating 
levels of plasma histaminase, Cortisol, serum GOT, GPT 
and LDH was observed in pre-vitamin stress treated 
rats when compared to their respective levels from the 
stressed rats. Whereas in comparison to normal rats the 
levels of these biochemical parameters were significantly 
enhanced. The activities of plasma MAO and erythrocyte 
AChE were increased when compared to the levels obtained 
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from stressed rats without vitamin treatment and decreased 
when compared to the normal rats. 
(11) A significant increase in the tissue levels of sulfhydryl group 
(total, free and protein bound) was observed along with the 
increased activities of SOD, GST and AChE, while less 
significant increase in the activity of MAO was observed 
in pre-vitamin stress treated rats compared to their 
respective levels from the stressed rats without treatment 
while the levels of the above biochemical parameters were 
decreased in comparison to normal rats. The pattern of 
changes observed in tissues like brain, heart, liver, kidney 
and spleen were similar. 
(12) A further significant decrease in the levels of plasma 
histaminase, Cortisol, GOT, GPT and LDH were observed 
while the levels of plasma MAO and RBC AChE were 
significantly increased in post-vitamin stress treated rats 
when compared to their respective levels from the only 
stress-treated rats, whereas in comparison to the normal 
rats, MAO and RBC AChE were significantly decreased 
and the levels of histaminse, Cortisol, GOT, GPT and 
LDH were significantly decreased. 
(13) The tissue levels of total, free and protein bound sulfhydryl 
group, GST, SOD, AChE and MAO were significantly 
increased when compared to their respective levels from 
the stress treated rats whereas in comparison to normal 
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rats their levels were significantly decreased. Thus, the 
post-treatment with vitamin had more effect in reducing 
the intensity of stress than pretreatment in terms of the 
biochemical parameters studied. 
(14) The study also showed that irrespective of the duration and 
type of stress the antioxidant vitamin therapy had profound 
effect in restraining the biochemical changes brought about 
due to stress exposure. 
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Condwsion 
Stress is the non-specific response of the organism 
to any demand made upon it. It operates through a system of 
regulatory measures associated with the mobilisation of energy sources, 
enabling the organism to meet the adverse situations. It is 
accomplished by a complex of neuronal endocrine, circulatory and 
metabolic processes. 
It has been shown that after any stress or trauma the first 
and the earliest change that take place in the body is the alteration in 
the neurohumoral content because of central nervous system 
activation. Stress has been shown to bring about an increase in the 
levels of Cortisol and histaminase (Henry, 1980 and Sainani and 
D'Souza, 1975) and decrease in the activity of MAO (Sharma, 1978 
and Sarkar, 1978) which together may explain the experimentally 
observed enhanced levels of catecholamines (Prasad, 1978; Kopin, et 
al., 1980 & Park 1981). Besides catecholamines other neurohumors 
like acetylcholine, histamine and 5-HT are also reported to be enhanced 
after stress (Pandey 1976; Rai 1976 and Sarkar, 1978). 
Stress has a profound effect on the antioxidant defense 
mechanism (Lluefa/, 1994). Antioxidant and free radical scavenging 
systems exist in the cell protecting against the damaging effects of free 
radicals produced as a part of normal cell respiration and other 
cellular processes such as inflammatory response (Floheef a/., 1973; 
Wilson, 1980, 1983; Cohen 1984; Tappel, 1984; Kaplotiwitz efa/., 
1985). The involvement of free radicals and free radical reactions have 
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been observed in the etiology and development of number of diseases, 
especially life limiting (Pryor, 1987). 
In the present study, the circulating AChE, histaminase, 
monoamineoxidase, Cortisol, GOT, GPT and LDH levels were 
estimated alongwith tissue levels of total, free, protein, bound sulfhydryl 
group, GST and SOD, under various stressful conditions viz 
immobilization, swimming, heat and fear stress. The trend of changes 
observed were nearly the same in all the biochemical parameters 
under various stresses. In all the stress type, the circulating level of 
RBC AChE and plasma MAO were significantly lowered while, the 
activities of plasma histaminase, Cortisol serum GOT, GPT and LDH 
were significantly enhanced with the duration of stress. In the tissues, 
the level of total, free and protein bound sulfhydryl groups were 
decreased along with GST, SOD, AChE and MAO after the stress 
treatment. All these alterations were pronounced with duration of stress. 
It is shown here that erythrocyte AChE activity is decreased during 
various stress. This will slow the breakdown of ACh and may thus 
explain the observed enhanced levels of this metabolite. The activity of 
MAO, the catabolizing enzyme of both catecholamines and 5-HT is 
decreased in the present study. This reflect an enhanced 
catecholamines and 5-HT levels in the restraint, swimming, heat and 
fear stressed rats. Increase in the plasma and urinary level of 5-HT 
after exposure to cold, immobilization and electric shock stress, have 
been reported earlier (Toh, 1960; Sarkar 1978 and Hirvonon et aL, 
1978). 
I5n 
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Immobilization stress elevated circulatory and tissue 
levels of histamine (Rai, 1976). There is direct correlation of increased 
histamine level and rise in serum histaminase with severity of 
myocardial infarction (Kipshidze and Barghyan 1967, Sainani and 
D'Souza 1975). Hyperactivity of adrenal cortex induced by stress as 
described by Selye (1996) leads to a state of depression elevating the 
levels of ACTH and corticosteroid. Even fear anxiety behaviour in the 
animals showed the same trend (Sassenrath, 1970). Consistent with 
the earlier findings in the present study too Cortisol levels are found 
enhanced in restraint, swimming, heat and fear stress treated 
rats. The high levels of Cortisol may be due to hypothalamic 
hypophyseal-adrenal stimulation triggered by emotional stress or body's 
non-specific response to combat stress. 
The circulating level of serum GOT, GPT and LDH are 
significantly elevated in restraint, swimming, heat and fear stressed rats. 
Similar to the present findings the increase in the serum levels of 
GOT, GPT and LDH have been reported in immobilization stress (Pal, 
1995). In all the stress types the tissue levels of total, free and protein 
bound sulfhydryl group, along with the activities of GST and SOD were 
decreased with duration of stress. Stress, induces generation of 
reactive oxygen species and decreases the endogenous antioxidant 
defenses (Liu et al., 1994). Superoxide dismutase (SOD) in various 
tissues of rats have protecting role against the toxic effect of oxygen 
free radical generated by its further reaction with cellular component 
(McCordefa/., 1971; Fridovich, 1975). Thus, the decreased acvitities 
of SOD and GST, give rise to generation of free radicals, inducing 
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gastric lesions or gastric ulceration by damaging gastric mucosa 
(Kayabali e/a/ , 1994; Das. D. ef a/., 1997). Role of GST in 
detoxification of oxyradical and their end product have been reported 
earlier (Mannervik and Danielson, 1988). Hence, GST and SOD 
alongwith GSH play a major role in scavenging oxyradicals and their 
end product. 
Pre and post-treatment with the combination of 
vitamin C and vitamin E (15 mg/kg body weight each) is found to 
have both preventive and curative effect in terms of measurement 
of biochemical parameter studied under stressed condition. The 
circulating activities of AChE and MAO were significantly increased 
while the levels of Cortisol, histaminase, GOT, GPT and LDH were 
significantly decreased as compared to their respective levels from the 
non-vitamin stress treated rats (restraint, swimming, heat and fear 
psychosis). While the activities of AChE and MAO were significantly 
decreased and the activities of histaminase, Cortisol, GOT, GPT, and 
LDH were significantly increased in pre and post vitamins treated 
stressed rats in comparison to normal rats. 
In the pre-vitamin stress treated rats, the tissue levels 
of total, free and protein bound sulfhydryl groups were significantly 
increased along with the increased activities of GST and SOD when 
compared to their respective levels from the stress treated rats. The 
post treatment with vitamins was found more effective, may be in 
reducing the intensity of the stress than pre-treatment, in terms of 
changes in the biochemical parameters studied. 
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